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The weldment illustrated above is the Cover Section of the housing 
for a 300,000 kw Steam Turbine . . . it weighs 55 tons. This unit and 
those shown at the left are typical of the thousands of Steel-Weld 
Fabricated parts and assemblies produced by Mahon each year for 
manufacturers of processing machinery, machine tools, and other 
types of heavy mechanical equipment. Are you taking full advan- 
tage of the economies offered by welded steel components in your 
products? In the design of almost any type of heavy machinery, or 
mechanical engineering project, there are parts and sub-assemblies 
that can be produced more economically and more satisfactorily in 
welded steel . . . because, in weldments you save time and pattern 
costs, and you get greater strength with less weight, plus the 
additional advantages of greater rigidity and 100% predictability. 
When you consider weldments, you will want to discuss your require- 
ments with Mahon engineers, because, in the Mahon organization 
you will find a unique source for weldments or welded steel in any 
form . .. a fully responsible source with complete facilities for 
design engineering, fabricating, machining and assembling ... a 
source where design skill is backed-up by craftsmanship which 
assures you a finer appearing product embodying every advan- 
tage of Steel-Weld Fabrication. See Sweet's Product Design File for 
information or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 
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Engineers and Fabricators of Steel in Any Form for Any Purpose 
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A timely warning from 





nickel 


might have made a difference 


The sea seldom offers a clue to what 
lurks beneath its surface. But man can 
find out. 


He beams sound waves to the ocean 
floor. And listens as they come 
bouncing back. The technique is 
called “echo sounding.” It’s the modern 
way to probe the depths... to map sea- 
bottom contour ... to locate schools of 
fish .. to avoid reefs and other under- 
water obstructions. 


One of the principal types of instru- 
ments (the fathometer) used in echo 
sounding depends on nickel for send- 
ing and receiving the telltale waves. 
Nickel, you see, has a rather unusual 
physical property called magnetostric- 
tion... 


This simply means that it changes 
dimensions when exposed to a mag- 
netic field. And it can be made to con- 
tract and return to its original dimen- 


sions rapidly enough to generate pow- 
erful sound waves. 


Of course, nickel has other useful 
properties. Strength and toughness, for 
example. Resistance to corrosion. Elec- 
trical conductivity. But magnetostric- 
tion is the vital one here. And nickel is 
about the only readily available metal 
that offers so much of it. 


Do you have a metal problem? 
Corrosion? Wear? High Temperature? 
Then send for Inco’s handy 16-page 
booklet: “Standard Alloys for Special 
Problems.” It’s your guide to more than 
20 alloys developed specifically to give 
longer, better service under destructive 
conditions. 
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Remember, when you buy 







<. you also get 


INCO+ SERVICES 


Whenever you are looking for answers to 
your metal problems, all the information 
and help we can give you are yours for the 
asking. For instance... 

+t Corrosion Service 

+ High Temperature Service 

+ Fabrication Help 

+ Foundry Service 

+ Field Information Centers 

+ Convenient Sales & Service 

+ Technical Publications 


THE INTERNATIONAL NICKEL COMPANY, INC. 


New York 5,N. Y. 


Nickel Alloys Perform Better, Longer 
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... AT A GLANCE 


A HEAT TREATED TITANIUM ALLOY is said to have a guaranteed tensile 
Strength of 170,000 psi. The alloy is presently being used in 
such aircraft applications as bomb ejector cylinder and piston 
parts, and jet engine vanes and hubs. According to the producer, 
: the heat treated alloy cannot be welded. (More details next month. ) 


ALUMINUM FOAM can be sawed, nailed, cemented, screwed and bolted like 
wood, and may someday replace wood in a number of applications. | 
Gas bubbles, formed in molten aluminum, honeycomb the metal with 
air cells upon cooling and produce a lightweight, fairly strong 
material. At present, the aluminum foam is difficult to cast, 
weld and forge. 3 


ACETATE TREATED COTTON FIBERS have better heat, rot and abrasion 
resistance than untreated cotton. One drawback is price—nearly 
twice that of untreated cotton. The treated fibers are not yet conm- 
mercially available. 


A NEW FLEXIBLE CORK GASKET MATERIAL is said to effectively support a 
wide range of loads with adequate cushioning. The material, 
consisting of minute cork particles combined with a binder, is said 
to insulate against heat and cold and is resistant to water and 
mold growth. (More details next month. ) 





A HIGH IMPACT, ARC RESISTANT PHENOLIC COMPOUND is said to have the 
Same arc resistance properties of melamines and polyesters, 

5 but without the variation in properties often associated with 
these two resins. The material, an asbestos cord-reinforced 
phenolic resin has an Izod impact strength of 5, a flexural 
strength of 22,500 psi, and a tensile strength of 10,000 psi. 
It is recommended for electrical parts such as sockets, 
connectors and receptacles. 


EXTREMELY PURE SILICON for use in such electronic devices as transistors, 
rectifiers and diodes is now available. The silicon, made with 
a new process, has boron impurities as low as two parts per billion 
and electrical resistivities as high as 400 and 500 ohm-cm. The 
ultra pure silicon presently sells for $250 to $550 per lb. 


i RUSTY, CHROMIUM PLATED STEEL PARTS may be a thing of the past with 
use of a zinc base plate in a copper-nickel-chromium plating 
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Sequence. The zine base plate gives galvanic protection to the 
Steel part which stops cracking and peeling of the chromium 
e@lectroplate. The new method, still in the development stage, 
apparently overcomes drawbacks of previous attempts to use a zinc 
base plate. (More details next month. ) 


A NEW BUTYL RUBBER vulcanizes rapidly without sulfur, resists heat and 


flexing, and is compatible with natural rubber and GR-S. The new 
rubber is presently being evaluated as a liner in tubeless tires. 
Previous butyls could not be made to adhere sufficiently to other 
rubbers for this purpose. 


TWO NEW INSULATIONS FOR NUCLEAR REACTORS are said to be only slightly 


damaged by neutron and gamma exposure. The materials are an 
alumina=-silica body in felt form and a pure silicon dioxide in batt 
form... The alumina-silica undergoes. a slight reduction of thermal 
conductivity during exposure but returns to its original value 
after removal from the reactor. 


A 24-CARAT GOLD COATING can be applied to metals with a new immersion 


gold solution that requires no electrical current or special equip- 
ment. According to the producer, the solution produces a denser, 
better looking coating than conventional gold electroplates. 

It is recommended for coating bottle caps, radio knobs, metallized 
plastics and auto trim. (More details next month. ) 


A PLATINUM ALLOY ROD is being used in jet engines to eliminate engine 


flame-out. Since platinum retains heat for long periods of time, 
the rod is kept at combustion temperature by the engine's regular 
operation and acts as an automatic pilot light when flame-out 
occurs. According to the producer, the rod requires no electrical 
connections, moving parts or maintenance. 


COPPER, ALUMINUM AND STEEL FIBER-REINFORCED PAPERS have been made in 


the laboratory. The papers, made of metal and glass or cellulose, 
can be fabricated on regular paper-making equipment using special 
techniques. Thermal and electrical conductivity, chemical 
reactivity and magnetic properties can be built into the papers, 
according to the producer. 


A HEAT RESISTANT CERAMIC COATING developed recently is said to be 


more resistant to mechanical shock than porcelain enamel. The 
material, an aluminum silicate in a colloidal solution, can 

be baked at temperatures as low as 350 F. The resultant 
coating is said to withstand temperatures above 1100 F and is 
resistant to sea water. 


Turn to page 155 for more “What’s New in Materials” 
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Have you had trouble 
with Engineered Bronzes ? 





BRIEFS 





Tapping the Sun 

Tiny silicon converters can 
store enough solar energy to sup- 
ply the needs of an average house- 
hold. Such converters make solar 
energy economically feasible now 
as a power source in regions 
where fuel is expensive. 


Plastics and Potatoes 

Melamine plastics dinnerware 
is now being used in about 35% 
of all restaurants in the United 
States, according to recent re- 
ports. The plastics dinnerware is 
said to be durable, lightweight 
and easy to wash. 





Square Spray | The truly engineered bronzes...silicon, aluminum and 


A square vinyl plastics lawn | manganese bronzes... give desirable combinations of properties 
sprinkler is designed to sprinkle 
corners and hard-to-cover areas aol 
with a low pressure spray that lf you need the physical characteristics of the engineered 


not available in any other metals. 





soaks deep into the ground. | bronzes, but if you have had difficulty in achieving them in castings, 


it will be worth your while to try again with Federated products. 
How to Be Cool-Headed 


An sluminised nylon fabric is It is difficult to make these bronzes and only many years of 





being used in a new golf cap. It | experience and rigid quality control will produce the metallurgical 
is claimed that the cap reflects 
95% of the sun’s radiant heat _ 
and keeps the golfer’s head 20° F hered to rigidly. Continual spectrographic and chemical controls 


cooler than other caps. are used during the alloying process. Experienced metallurgists are 


qualities desired. At Federated, ingredient specifications are ad- 


in charge. Performance specifications are always met or exceeded. 


Big Swim 
The largest, prefabricated, rein- Let us tell you more about these valuable alloys. A Federated 
forced plastics swimming pool in | field man will be around to see you soon. Talk to him. It will 


the world has just been completed. 
Made of fibrous glass-reinforced 
polyester resin, the pool measures 
92 ft long and 36 ft wide. 


pice Wh Sede Mille 


benefit you. 


| 
H 


A beryllium disk is being tested __ sip hc oe wechiagtcd 
as a light-collecting mirror in a | AMERICAN SMELTING AND REFINING COMPANY 
solar telescope. The disk is of po- | 120 Broadway + New York 5, N.Y. 


tential value because it may be 
able to face the sun and absorb its | 
neat without getting out of shape. 


_In Canada: Federated Metais Canada, Ltd., Toronto and Montreal 
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Mallory 1000 Metal 



















Cobalt 60 teletherapy machine 
source wheel—of Mallory 1000 Metal. 


In the design of radiation shields, the superior 
uniformity of Mallory 1000 Metal is an impor- 
tant quality. It permits calculations based on 
precisely controlled absorption characteristics 
rather than ‘‘average’”’ or ‘“‘typical’’ values. You 
can design smaller parts and reduce overall 
costs by minimizing safety factor allowances. 


Mallory 1000 Metal is being used for shielding 
of source capsules, ‘switching’ devices and 


y\ . | f other radiation shielding applications at energy 
Na 7 levels to 100 MEV. Mallory 1000 has high 
NS 8 4 tensile and flexural strength— machines readily 


to close tolerances and excellent surface finishes. 





For application assistance—see the Mallory 
engineer . . . for more complete information, 
write for your copy of Technical Bulletin 6-7C. 


Expect more...get more from 





In Canada, made and sold by Johnson Matthey & Mallory, Lid. 
110 Industry Sireet, Toronto 15, Ontario 





P.R. MALLORY & CO. Inc. 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
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Combination union and ball valve allows... 


if 











R | New 

d and interesting : : 

y li ' . » » interchanging of components made of sev- 
, applications eral different materials. 
h of engineering 

V materials 

. Valve combines two functions, 

y ten different materials 

l, A new valve combining the functions of union and 


ball valves in one compact unit is designed so that 
seat and seat materials can be interchanged in order 
to accommodate a variety of media. 
The combination valve, developed by Worcester 
Valve Co., Inc., uses metal components which may 
be of bronze, aluminum bronze, aluminum, carbon 
steel or stainless steel. Seat and seat materials may 
be of Buna-N, Hypalon, neoprene or natural rubber, 
or Teflon. In-line maintenance or change of compo- 
nents is accomplished by simply removing four bolts 
(see photo). 


iis Bie 
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AT WORK 


Cast stainless screw resists pulp liquor 


A special stainless steel alloy casting has enabled Black-Clawson Co. to 
overcome problems of corrosion and erosion in its pulp-making equipment. 

Previously, the various cooking liquors used to break down wood fibers, as 
well as dirt and sand brought in with the wood chips, tended to corrode and 
erode the feed screws. To counteract this, the company now uses Pandaloy 
steel alloy feed screws cast by Allegheny Ludlum Steel Corp. (see photo). 
The screws are 54 in. long, 9 in. in dia and weigh 508 lb each. They are used 
to force wood chips or other cellulosic material at a constant rate into a 
digester. 


Aluminum die castings 
used in new pistol 


By turning to aluminum die cast- 
ings, Whitney Firearms, Inc., has 
eliminated several time-consuming 
and costly milling, broaching, and 
profiling operations in the manufac- 
ture of its .22 automatic pistols. 

The four die castings, a complete 
one-piece frame, cocking piece, action 
frame and safety (see photo), are 
said to provide excellent performance 
and to be exceptionally strong and 
light in weight. 
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Molded polyethylene 
for bullet boxes 








These handy cartridge boxes molded 
of tough, resilient polyethylene are 





keeping ammunition clean and dry. 
Manufactured by Fitz Co., the un- 
breakable cases are divided into com- 
partments holding one shell each and | 
are ideal for hunters and match 
shooters. | 


Eastman Chemical Products, Inc. 





















Stainless steel serves lunch on wheels 


An unusual mobile cafeteria that 
can be set up in less than a minute 
by merely pressing a button is built 
completely of stainless steel. 

Developed by Roy E. Lowe and 
called the Autoteria, the unit is built 
into the van of a 1-ton truck (see top 
photo). Using power from the truck’s 
battery, the chain driven cafeteria 
slides out of the van at the press of a 
button. Wheels resembling airplane 
landing gear drop automatically and 
the unit is ready to serve (see bot- 
tom photo). 

Stainless steel was chosen for all 
parts of the mobile cafeteria because 
it is stain and heat resistant, easy to 
clean and presents a sanitary ap- 
pearance. 














Metallurgical Co., Div. of Union Carbide Corp. 
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1. Epoxy adhesive for bonding bulkheads is first 


applied to center section. 











Use of epoxy adhesives is ena- 
bling Admiral Corp. to fabricate re- 
inforced plastics jettison fuel tanks 
having high strength joints that can 
be cured at low temperatures. The 
































3. Tanks are cured in 60 ft oven for 2 hr at 180 F. 


4. Completed tank is given a slosh and vibration test. 


Epoxies provide strong joints 
for reinforced plastics fuel tanks 


2. After bulkheads are mounted, excess adhesive js 
scraped off. 





tanks, developed in order to prevent 
enemy use of strategic aluminum 
salvaged from jettisoned fuel tanks, 
are made of fibrous glass-reinforced 
polyester resin. 

The units, 178 in. long with a 23- 
in. dia, are fabricated on matched 
metal molds in seven sections: thre¢ 
center sections, a nose, a tail and 
two bulkheads (used for reinforcing 
the structure’ internally). Wall 
thicknesses are 0.1 in. with the ex- 
ception of one 0.2-in. thick center 
section used for attaching a hanger 
bracket. When sealed together, the 
sections overlap 1% in. 

To fabricate the tanks, a fuel fille: 
opening is first cut into one of the 
center sections and screw holes are 
drilled in all sections. After coating 
all mating surfaces with the epoxy 
adhesive (supplied by Shell Chemic:! 
Corp.), the three center section 
pieces are assembled with the rein- 
forcing bulkheads in place. Inter- 
locking edges of the nose and tail 
section are similarly prepared and 
assembled. To eliminate the need for 
binding the tank while curing the 
adhesive, small self-tapping screws 
are used to hold all seven sections 
together. 

The assembled units can be cured 
in one of two ways: 1) at room tem- 
perature for times ranging from 14 
to 24 hr or 2) at room temperature 
for 1 hr, followed by a 2-hr oven 
cure at 180 F. After curing, the 


(continued on p 22°) 
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Resin 


@ Top performance under tough conditions . . . that’s 
what’s required of these one man underwater propulsion 
units made by the Link Aeronautical Corporation of 


Endicott, New York. 


The basic shell material for this “Power Diver” must 
be able to withstand the pressures of 100-foot dives 
... must be able to resist the corrosive effect of the sea.. . 
and must still be light enough for a man to carry the 
unit out of the water. These are just some of the physical 
requirements that must be met for such a product as this 
... and met at a price that doesn’t take the product out 
of the sportsman’s reach! 


“That’s why we chose a combination of RCI Potytite 
and fibrous glass,” states Felix Aimonetti, vice president 
and general manager of Link. “From the standpoint of 
design, engineering and cost, reinforced PoLyLite was 








Creative Chemistry . . . 
Your Partner in Progress 





Constructed With Sturdy, Dependable 


POLYLITE 





the perfect solution for our shell material. 


“Besides all this, the capital outlay we needed for this 
type of construction was relatively low, and we found 
that even without the benefit of prior manufacturing 
know-how during the first weeks of production, we were 
able to turn out aconsistently uniform product. All things 
considered, the use of RCI Poty.ite reinforced with 
fibrous glass has cut our production costs at least 75%.” 


Products possessing the unique advantages of RCI 
PoLyLite — lightweight strength, durability, and easy 
maintenance — are becoming increasingly popular and 
profitable in today’s market. Perhaps PoLy tite polyester 
resin can be incorporated into one of your products. For 
additional information about what you can do with 
RCI Pory.ite in laminating, molding or other plastics 
applications, write for free Booklet A. 


REICHHOLD 


Synthetic Resins « Chemical Colors + Industrial Adhesives « Phenol 
Formaldehyde « Glycerine + Phthalic Anhydride + Maleic Anhydride + Sebacic Acid 


Sodium Sulfite » Pentaerythritol « Pentachlorophenol + Sulfuric Acid 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 


For more information, turn to Reader Service card, circle No. 495 
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PERHAPS EXTREME HIGH AND LOW 
TEMPERATURE SILICONE PARTS 
BY STALWART WILL GET YOU OUT 





The unusual qualities of silicone rubber compounds 
offer opportunities for simpler, more compact designs 
. +. Smaller, lighter units that require less costly material 
and labor. Stalwart-engineered silicone rubber parts can 
be used in a wide range of applications involving 
temperature extremes from —130° to +600° F. with 
virtually no change in their physical, chemical and 
dielectric properties. 


Stalwart’s engineers and modern production facilities 
are prepared to produce an unlimited variety of precision 
molded, extruded, automatic and hand cut parts to 
customer specifications. Why not write us today about 
your specific problem. 


For further information write 
for Bulletin 56-SR-3 


TALWART 


RUBBER COMPANY 


Manufacturing plants in Bedford, Ohio and 
Jasper, Georgia. Main offices at 165 North- 


field Road, Bedford, Ohio 9673-sR 


For more Information, turn to Reader Service card, circle No. 372 
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Atomic reactor materials 


To the Editor: 

In your May ’57 issue, page 226, a polyethylene 
block used as an atomic shield is described. 

Mention is made that it is being used as a re- 
placement for lead shields in atomic reactors. Poly- 
ethylene is not used as a replacement for lead because 
polyethylene is a shield against neutrons and lead is 
a shield against gamma rays. They are therefore 
supplemental to each other rather than substitutes 
for each other. 

Lead is the most efficient and economical gamma 
ray shield where space and weight savings are im- 
portant. It is the high density of lead which makes 
it so efficient for this purpose, and a low density 
material like polyethylene does not stop gamma rays. 
In this the manufacturer of the product described 
concurs with us. 


ROBERT L. ZIEGFELD 
Secretary 

Lead Industries Assn. 
New York, N. Y. 


We are grateful for the correction and take this 
opportunity to bring it to the attention of our 
readers, 


Slighted author 


To the Editor: 

The article entitled “Comparison of Plastics as 
Fuel Hose Liners” on page 183 of your July issue 
was based on a paper of which I am senior author. 
Although the names of the other two authors were 
given, mine was not. I would appreciate a correction. 
Incidentally, 1 will be glad to send a chart listing 
gas sorbency values of various elastomers and plas- 
tics to anyone desiring it. 


FLORENCE NESH 

Code 972 

Materials Laboratory 
New York Naval Shipyard 
Brooklyn, New York 


We regret the omission which, of course, was inad- 
vertent, 


Staying in harness 


To the Editor: 

The discussions on engineering aides have inter- 
ested me greatly. However, it seems to me that one 
possible solution has been overlooked. 

In a few years I shall retire after many years 
as a machine design engineer. I shall not wish to 
sit back and stagnate. I would be very glad to take 
a position—part time or full time—as an engineer- 
ing aide. 

I feel sure many other engineers who have been 
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Seamless Tubing. 





TUBULAR 


PRODUCTS 
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In nuclear applications there are many and various 
conditions which tubular products must meet. These 
problems may involve the metal of which the tube 
is produced, the dimensional accuracy of the tube, 
its uniformity and soundness, its surface finish and 
cleanliness or the ease with which it can be further 
fabricated. 


Supplying tubular products for nuclear applications 
since its beginnings, and for all phases—from the 


refining and production of fissionable materials, 
through the generation of energy by various types 
of reactors and other uses of fissionable materials— 
has given B&W engineers the background to cope 
with practically any set of circumstances. 


That is why B&W Tubular Products of such mate- 
rials as zirconium down through the standard and 


special stainless and alloy steels and carbon steels 
have found wide use in heat exchangers, piping and 
structural and mechanical parts. A call to Mr. Tubes, 
your nearby B&W tube representative can help solve 
your tubular problems in the nuclear field. The 
Babcock & Wilcox Company, Tubular Products 


Division, Beaver Falls, Pa. 
TA-7012-PN1} 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges—in carbon, alloy, and stainless steels. 


For more information, turn to Reader Service card, circle No. 434 





Heat exchanger 
being fabricated 
from B&W Croloy 
18-8 (Type 304) 








What are Housewares? 
your zinc or 
aluminum Electrical © 


Appliances? 





forced out of circulation because of age alone would 
be glad of the opportunity to practice even part 
their chosen line of work. They would offer the muc! 
needed relief from repetitious detail that young: 
engineers loathe, and increase efficiency in any engi 
neering line, putting long experience to good use. 
W. P. GRILLE? 
Pompton Lakes, N, J. 


Inorganic elastomers | 


ss To the Editor: 
obaata: Your article on the Fluoro-Elastomers in the 
° 4 July issue of MATERIALS IN DESIGN ENGINEERING 
A tr we A ‘i Cc © Equipment ° was very interesting and informative. We are inter- 
ested in particular in the paragraph on inorgani | 
know-how in Zinc and Alu- elastomer systems. We are encouraged to find that 
minum die casting design, en- | a research program is being initiated for we feel that 
gineering and production cov- the need for such materials is imminent. 
ers a wide ang ll We would appreciate receiving more information 
ent part needs from sma concerning the research programs which are con- 
camera parts.|. . cerned with these inorganic elastomers and would 
lal also like to know which of the companies discussed 
.J- «to engine cylinders 


646 











in your article are doing reseach in this field. 
V. R. MINER 
Material-Engineering Coordinator 
soeing Airplane Co 
Seattle, Wash. 


























Moreover, ADVANCE often 
solves a product sales problem 
by alert die casting engineer- 
ing and skills which smooth- 
up product lines and appear- 
ance while at the same time 
improving casting cycles and 
lowering part costs. 


The bulk of the work in inorganic elastomers has 
been done by nonprofit institutions and universities, 
either independently or under government contract. 
For specific information, contact Mr. E. R. Bartho'o- 
mew, Commander, Attn: WCRTR-3m Wright Air De- 
velopment Center, Materials Laboratory, Directorat: 


That is why ADVANCE Zinc of Research, Wright-Patterson Air Force Base, Ohio. 
and Aluminum die cast parts 
are important components 
everywhere in home appli- 
ances, office equipment, pow- 
| er tools, gas engines, cameras, 
surveyors’ instruments, elec- 








Testing drapery cord 


To the Editor: 
We are manufacturers of drapery hardware as 





tric motors and control de- Product well as traverse rods and we use large quantities of 
vices. sae . 9 traverse rod cord. We find that we have a wide vari 
Consult ADVANCE about Identifications? ation in quality of cord as received from our sup- 
your die cast parts problems pliers, and we are anxious to set up our own means 
...and write for folder“ YOUR | of testing this cord to see that it falls within the 


DOORWAY to Certified Zinc 
and Precision Aluminum Die 
Castings.” 


specifications. We are wondering if you can refer us 
to a cord and twine association of some kind that 
could give us information on testing these materials, 


Shans: mealies ain. tie A p V A N C F | or refer us to someone who can tell us how to set up 
assurance of highest | and proceed with testing drapery cord. 


aiteah Gomi TOOL AND DIE A. H. STEENROD 


alloys under ASTM Chief Engineer 


| 
standards C A STI hy (; C 0 . | Western Newell Mfg. Co. 
| 














3760 N. Holton St Freeport, IIl. 


| 8 e Milwaukee 12, Wis We suggest contacting Drapery Hardware and Cur- 
tain Rod Manufacturers Assn., 53 Park Place, New 
York, N. Y. and the American Society for Testing 


Materials, 1916 Race St., Philadelphia 3. 


For more information, turn to Reader Service card, circle No. 444 
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ANNOUNCING THE— 


1957-58 awarpDs COMPETITION 


FOR THE BEST USE OF MATERIALS IN PRODUCT DESIGN 


Materials in Design Engineering .. . 


. is proud to announce that it will again sponsor an 
Awards Competition to encourage sound, imaginative and 
progressive use of engineering materials and to reward those 
responsible for exceptional examples of intelligent materials 
selection and use. 


Sixteen awards... 


... totaling $1600 will be given by a distinguished board 
of judges for the entries best demonstrating how intelligent 
materials selection 1) resulted in improved performance 
and/or lower costs, or 2) best met design and service re- 
quirements. 


New products or redesigned products... 


... completed during 1957 may be entered. Any person (s) 
or organization employed in the product manufacturing in- 
dustries may submit entries. Materials producers and sup- 
pliers are not eligible. The deadline for mailing entries is 
Jan. 15, 1958. So it is not too soon to plan or prepare your 
entry. 


Complete details... 


.. on the Awards Competition and an entry blank will 
be published in next month’s issue (October) of MATERIALS 
IN DESIGN ENGINEERING. If you would like an entry blank 
sooner, write to: 


AWARDS EDITOR 

MATERIALS IN DESIGN ENGINEERING 
430 PARK AVE., 

NEW YORK 22, N. Y. 






















Here are some 1957 winners ... Our first 
Awards Competition was an outstanding suc- 
cess in both the number and quality of entries | 
received, This year’s will be even better. 





First Award — Plastics foam sand- 
wich refrigerator. 


Award of Merit — Titanium breech 
for bomb ejector rack. 






pal & 


i 








Citation — Metal and nonmetallic 
rinse injector unit. 





FEATURE 


ARTICLES 


Where to Use 


Polyester 


Film 


by Malcolm W. Riley, 
Associate Editor, 
Materials in 

Design Engineering 


The extraordinary growth in 
engineered applications of 
polyethylene terephthalate type 
polyester film is attributable 
mostly to 1) its extremely high 
mechanical and dielectric 
strength, 2) its good thermal 
and chemical stability, and 3) 
its adaptability to decorating 
by metallizing or other tech- 
niques. Strongest of the un- 
supported plastics films, poly- 
ester film has a tensile strength 
on the order of 20,000 psi. 
Dielectric strength is about 
4000 v per mil (1 mil thick- 
ness, 60 cps), and maximum 
recommended operating tem- 
perature is about 300 F (melt- 
ing point: 480-490 F). Other 
properties of the film are given 
in the tables on p 108. 

Polyester film has been put 
to many and varied uses. In 
this article these uses are di- 
vided into three categories: 
electrical, mechanical and deco- 
rative. There is no attempt 
here to be comprehensive; the 
primary purpose is to point out 
the properties of the film that 
make it suitable for each type 
of application, and to describe 
typical uses. 








These photos courtesy E. I. du Pont de Nemours & Co., Ir 


Spiral wound tubular insulation 


1. Electrical applications — 


@ Electrical applications for poly- 
ester film include insulation for 
motors, generators, transformers, 
capacitors, and wire and cable; 
overwraps for batteries; and 
magnetic tapes. Because of the 
high dielectric and mechanical 
strength of the film, thinner 
gages can be used, reducing bulk 
and weight of insulation systems. 
The film can be used either by 
itself or in combination with 
such materials as rag paper, as- 
bestos, glass cloth, mica paper or 
mica splittings. 
Properties 

Dielectric strength of polyester 
film 1 mil thick is 4000 v per 
mil (60 cps); dielectric strength 
can be as high as 2500 v per mil 
for thicknesses of 0.007 in., and 
7500 v per mil for thicknesses of 
0.00025 in. The film also has good 
volume and surface resistivity, a 
good dielectric constant and a low 
power factor (see table, p 108). 

Since polyester film is an or- 
ganic material, it is designated by 
the present classification a Class 
A insulating material. Actuaily, 
its thermal stability is such that 
it falls somewhere between Class 
A (220F) and Class B (266F). 
It has been used in equipment 
approved by Underwriters Lab- 
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oratories for Class B operation. 
At 300 F, the maximum recom- 
mended use temperature of the 
film, dielectric strength of 1-mil 
film at 60 cps has only dropped 
to 3150 v per mil. After 1000 hr 
at 300F, dielectric strength is 
still over 2000 v per mil. This 
value is also retained after 1000- 
hr exposure to temperatures as 
low as —76 F. 
Applications 

Motors, generators—In motors, 
generators and transformers, poly- 
ester film is used as insulation 
for formed and random wound 
coils, and as phase separators, slot 
liners and layer insulation. In 
motor and generator applications 
the thinner gages of polyester 
film used can result in generation 
of more power in smaller frame 
sizes. Also, the stability of the 
film when exposed to moisture or 
elevated temperatures permits use 
of general purpose equipment in 
many environments usually re- 
quiring specialty construction. 
The film will not wick water into 
coils, and it absorbs less than 
0.5% water (1-week immersion). 
It is also inert to toluene, gaso- 
line, acetone, lubricating oils and 
greases. 

Capacitors—In capacitors, the 













Cable insulation 


Telephone wire insulation 





Slot liners 


toughness, flexibility, greater efficiency 


high dielectric strength of poly- 
ester film permits reduction in 
size and weight, and results in 
reduced leakage and _ dielectric 
losses, making the capacitors 
more suitable for use in submini- 
ature assemblies. Because of its 
low moisture absorption, polyester 
film is less sensitive to high hu- 
midity and, in some cases, elimi- 
nates the need for sealing the 
capacitor in metal tubes to pre- 
vent short circuits in high hu- 
midity applications. It assures 
permanent insulation between the 
capacitor foils. 

Wire, cable—The toughness of 
the film (20,000 psi tensile 
strength and 70% elongation at 
break) and its chemical inert- 
ness, together with its good di- 
electric qualities, have been 
mainly responsible for its grow- 
ing acceptance. Wire or cable in- 
sulated with the film can be bent 
or drawn over sharp corners with- 
out damaging the insulation. Also, 
thickness and bulk of insulation 
can be reduced. One producer of 
telephone switchboard wire re- 
ports that use of polyester film 
as primary insulation increased 
production 35 to 45%. The film 
used to insulate these particular 
Wires is in tape form, and is only 


one-half the thickness of the in- 
sulation previously used, yet it 
provides superior mechanical and 
insulating properties. 

Other uses—As an overwrap 
for dry cell batteries, polyester 
film offers a unique advantage in 
that its transparency permits vis- 


ual inspection of the cells prior 
to final assembly. In magnetic 
tapes, the stability and toughness 
of polyester film permits reduc- 
tion in tape thickness, increasing 
the amount of recording time per 
tape. 





What Is Polyester Film? 


The generic label “polyester” 
refers to an extremely broad 
group of materials produced by 
the esterification reaction be- 
tween polybasic acids and poly- 
hydric alcohols. For the purpose 
of this article “polyester film” 
refers primarily to the poly- 
ethylene terephthalate film de- 
veloped by E. I. du Pont de Ne- 
mours & Co. and trademarked 
Mylar. The only exception is 
Minnesota Mining and Mfg. Co.’s 
heat sealable Scotchpak poly- 
ester film, developed primarily 
for packaging (see mechanical 
applications). The specific chem- 
ical nature of this film has not 
been revealed. 

Polyethylene terephthalate 
type polyester film (Mylar) is 
produced from a condensation 
polymer of ethylene glycol and 
terephthalic acid. Unlike most 


polyester materials, the film is 
thermoplastic. However, its melt- 
ing point is so high (480 to 490 
F) that fabricating by conven- 
tional thermoplastic techniques 
is somewhat limited. Essentially, 
the material is the film version 
of the polyester fiber, Dacron. 
Available types 

Commercially available since 
1954, Mylar comes in _ three 
forms: Type A, a general pur- 
pose and electrical film; Type 
C, for capacitor applications re- 
quiring high temperature insu- 
lation resistance; and Type D, 
a highly transparent film with 
a minimum number of surface 
defects. 

Scotchpak is available in two 
forms: Type A, heat sealable on 
one side only; and Type B, heat 
sealable on both sides. 
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Du Pont 
High altitude balloon 


@ Uses that are primarily de- 
pendent on the good mechanical 
strength and dimensional stabil- 
ity of polyester film include pack- 
aging, conveyor belts, scuff strips, 
and tools and templates. In most 
mechanical applications, such as 
packaging, other properties of the 
film, such as transparency and 
printability, are extremely impor- 
tant. 
Properties 

In addition to its high tensile 
strength, polyester film is rela- 
tively stiff, having a modulus of 
about 550,000 psi. It has out- 
standing resistance to flex fail- 
ure; polyester film can withstand 
over 20,000 flexes, as compared 
with several hundred for the cel- 
lulosics. It has an impact strength 
of about 90 kg-cm, several times 
higher than that of other plastics 
films. Its tear strength is con- 
siderably lower than that of poly- 
ethylene film, but greater than 
those of cellophane and acetate 
films. 

Specific effects of various acids, 
alkalis, solvents and other chemi- 
cals on mechanical properties are 
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Food conveyor belt 


2. Mechanical applications — strength, 


shown on page 108. In general, 
polyester film has excellent re- 
sistance to attack and penetration 
by solvents, greases and oils. At 
room temperature, it has essen- 
tially zero permeability to such 
solvents as ethanol, ethyl] acetate, 
carbon tetrachloride, hexane, ben- 
zene, acetone and acetic acid. 
After two months exposure at 
room temperature, a 1l-mil poly- 
ester film is not penetrated by oils 


Du Pont 
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and greases such as penetrating 
oil, lard, cottonseed oil and motor 
oil. The film is also highly re- 
sistant to attack by fungi and bac- 
teria. No reduction in_ tensile 
strength or flexibility occurs after 
burial for 12 months in bacteria- 
infested soil. 
Applications 

Packaging — The mechanical 
properties of the film, combined 
with its relative insensitivity to 
oils, greases and acids, its trans- 
parency, and the fact that it can 
be printed and decorated, have 
made polyester film one of the 
most versatile of the plastics 
packaging films. It can be used 
for packaging foods, dry goods, 
chemicals or any number of other 
products. It can be used by it- 
self, or in combination with pa- 
per, metal foil, cardboard or other 
plastics films, such as polyethy- 
lene, polyvinylidene chloride (Sa- 
ran) or polyvinyl chloride. Such 
combinations permit utilization of 
the beneficial properties of each 
material. 

An important development from 
the standpoint of fabricating 














e 









packages on automatic packag- 
ing machinery is the production 
of heat sealable polyester films. 
Several companies purchase poly- 
ethylene terephthalate type pol- 
yester film from Du Pont and ap- 
ply a thermoplastic coating, such 
as polyethylene or polyvinylidene 
chloride, on either one or both 
sides. Such coated films can be 
heat sealed by conventional tech- 
niques. 

Minnesota Mining and Mfg. Co. 
has developed a heat sealable poly- 
ester film called Scotchpak. Al- 
though its chemical nature has 
not been revealed, the properties 
of the film seem to be substan- 
tially different from those of Du 
Pont’s Mylar film. Typical prop- 
erties of Scotchpak are: 


EE 6.0 6.640004 08a 8700 
CEE Kivned cb etasevac 200+ 
A FF rr rrte 45 
. A \ SAS 25 


.—70 to 230 


Another recent development is 
a shrinkable polyethylene tereph- 
thalate film. This material is in- 
tended for “shrink” packaging of 
foods such as meats and poultry. 


Temp Limits, F ... 






Scuff strips for air conditioning duct 


chemical resistance, long flex life 


Flexible Tubing Corp. 


Conveyor belting—Polyester film 
is used as conveyor belting and 
plaques in baking and candymak- 
ing, in pharmaceutical prepara- 
tion, in tobacco production, and 
in the manufacture of chemical 
and rubber products. The film has 
the mechanical strength and di- 
mensional stability necessary for 
continued operation in cooling 
tunnels and other processing 
areas. It is also easy to clean and 
resists attack by cooking oils and 
processing chemicals. Its stabil- 
ity at low temperatures is of par- 
ticular advantage in processing 
frozen foods. 

Scuff strips—Because of its 
abrasion resistance, the film is 
used in scuff strips for portable 
heater ducts, such as those used 
to air-condition planes on the 
ground. The film is applied over 
the spiral metal support for the 
duct to protect the fabric from 
abrasion caused by dragging on 
the runway. 

Templates—Because of the di- 
mensional stability and clarity of 
polyester film it is used in tem- 


Keuffel & Esser Co 
Stabilized layout film for templates 





North American Aviation, Inc. 






plates and optical comparators. 
A proprietary film called Stabi- 
line is Mylar polyester film that 
has been treated with a process 
developed by Keuffel & Esser to 
impart to the film an even higher 
degree of dimensional stability 
than that inherent in the un- 
treated film. Treated film has a 
thermal coefficient of linear ex- 
pansion of 6 x 10° per °F, as 
compared with a coefficient of 
15 x 10° for untreated film. The 
treated film also has a hygroscopic 
coefficient of linear expansion of 
about 6 x 10° per % RH, as com- 
pared with a coefficient of about 
11 x 10° for untreated film. The 
increased stability of the film 
permits greater accuracy of di- 
mension in tooling applications 
where relatively high tempera- 
tures or high humidity are en- 
countered. 

Other uses—Polyester film is 
also used for pressure sensitive 
tapes, weather balloons, boat sails, 
luggage, underground pipe wrap, 
spring liners and gaskets, display 
racks, signs, and master patterns 
for knitting machines. 
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Properties of polyester film (myiar type) 


I. du Pont de Nemours & Co., Inc., except where noted. 


Source: FE. 


GENERAL COMPARISON OF SOME PLASTICS FILMS 

















| | | Maxmium | 

Type of Film Thickness, Width, Tensile Tear | Elongation, | Operating Brittle Dielectric 
& mils in. Strength, Strength, % Temperature,|Temperature,| Strength, 

1000 psi Ib/in. f F v/mil 

Polyester 0.25-7.5 54 15-30 50-1750 35-110 300 80 1000-7000 

Polyethylene 0.5-25 108 1.0-3.5 65-575 200-800 200 70 100-5000 

Vinylidene Chloride 0.5-10 54 1.8-15 80-465 20-140 150-200 25 to —50; 1000-1800 

Cellophane. 0.9-1.7 45-56 45-18 15-45 300 

Cellulose Acetate 0.5-10 40-60 5.5-15 25-45 150-220 700-1200 

aPolyethylene terephthalate. 

Source: Monack, A. J., “Electrical Insulation Materials,’’ Materials & Methods, Apr ’57. 


TYPICAL PROPERTIES OF POLYESTER FILM (Mylar 1 mil thick) 





























aaa ea omen 77 F, BO cps.................3.2 Tensile Strength (Instron), psi. . .. .20,000 
Density (gradient — LZ S| Serene 3.1 Tensile Modulus (Instron), psi. ... 550,000 
gm/cu cm. Fates. > 77 F, 1 me.. . 3.0 Elongation at Break (Instron), %....75 
Area Factor, sq in./Ib.. . .20,000 300 F, 60 cps. . 37 Impact Strength 
Refractive Index (ADE), Power Factor (D150-47T) (Du Pont falling ball), kg-cm. .... . .60 
“20-77 F.. , 1.64 77 F, 60 cps 0.003 Burst Strength (Mullen), Ib 45 
Water Absorption 77 F, 1 ke 0.005 Tear Strength 
(1 wk, 77 F), % <0.5 77 F, 1 me 0.016 (Du Pont single sheet), gm 15 
Hygroscopic Coef of Exp 300 F, 60 cps 0.0064 Flex Life 
(20-92% RH), per % RH lx 10-6 insulation Resistance (wound (Du Pont, 77 F), cycles 20.000 
Moisture Vapor Permeability capacitor sections, 0.5 mfd Bending Recovery 
(Du Pont), gm/100 sq m/hr......110 megohm-mfd (180 deg), % 
Oxygen Perm (General Foods), | 4 ere reret erie 9000 Immediate 43 
gm/100 sq m/hr.. 0.9 266 F 400 60 Sec. . 51 
300 F.. 100 a 
— Volume Resistivity THERMAL PROPERTIES 
(D 257-49T), ohm-cm 
ELECTRICAL PROPERTIES  , REITCR RSs be 1 x 10!9 Melting Point, F... 480 to 490 
—_— 300 F.... 1 x 10% Max Rec Svc Temp, F ~80 to 300 
Dielectric Strength Surface Resistivity Coef of Ther Exp 
(D 149-44, 60 cps), v/mil (D 257-49T, 77 F), ohm (70 to 120 F), per °F 15 x 106 
Sipe 4000 0% RH 10}2 Ther Cond (Cenco-Fitch), 
300 F.... ..3150 re Fw Btu/sq ft/hr/°F/in.. . 1.05 
Source: E. I. du Pont de Nemours & Co., Inc. 


EFFECT OF FLUIDS ON MECHANICAL PROPERTIES (1-mil film) 















































Retention of Properties Retention of Properties 
| After Immersion After Immersion 
Fluid Resistance) pone i Fluid Resistance ft eee 
6 Rating lse$ . x | be é Rating seh - . ye 
2SPiaA.] @.|-s eww lA. | Bo!l & 
cess" |S") 2 eee s ja | x 
EFS | | 2 r | | | ne 
| | 
Acids | Solvents (cont'd) | | 
Acetic (glacial)............. Excellent | 33 75 107 | 83 Trichlorethylene ; Excellent | 33 | (66 84 | 73 
Hydrochloric (18%)......... Excellent; 18 | 82 99 | 113 RS See Excellent} 33 9] 151 | 6/7 
Hydrochloric (conc).........] Good 5 | 75 87 | 67 —______|___ — |_| —__|___ 
4 | Good 7 71 96 20 | Impregnants | 
Nitric (fuming)............. Poor | _ - | Hydrocarbon Oil (high | 
Sulphuric (20%)... ... | Excellent | ise 98 | 89 27 viscosity index). . Excellent! * 92 | 8 | 87 
——__—_ Se OE ee Hydrocarbon Oil (low | | | 
Bases | | | viscosity index)..........] Excellent} = | 98 | 67 | 123 
Ammonium Hydroxide (12%); Good | 9 59 82 | 30 Pyranol (GE 1467)... Excellent; * 100 | 83 | 207 
Ammonium Hydroxide (conc)} Poor | 3 | 0 0 | 0 Silicone Fluid (DC200) Excellent) * | 79 | 141 | 97 
Sodium Hydroxide (10%)... .] Excellent} 33 | 83 | 30 | 33 f—————HW~—________ ae nae Man 
a -_-— Varnishes | | | 
Solvents | | Asphalt-Base (GE 9466). . Excellent; >» | 92 | 18 | 113 
Acetone ........f Excellent} 33 63 | 15] 67 Glyptal Resin (GE 2480) Excellent) »® | 99 80 60 
Tg RE RIE? Excellent 33 80 141 | 53 Phenolic Resin (GE 1678) Excellent; » 92 3 73 
Ethyl Acetate... ... | Excellent) 33 | 90 132 | 47 Silicone Resin (GE SR80) Good b | 98 | 230 | 100 
Silicone Resin (GE SR28) Excellent’ ' 100 | 54 97 





a500-hr immersion at 212 F. 


b168-hr immersion at 300 F. 

















Film-vinyl-steel embossed laminate 





Dorrie Process Co., 





Ine. 





Film laminated to fabrics 


W. J. Ruscoe Co. 
1-4: film laminated to metal. 5, 6: film laminated 
to plastics. 7: film laminated to foam rubber 


Bolta Products, Div. General Tire & Rubber Co. 
Film laminated to plastics counter top 





3. Decorative applications — color, versatility 


@ The fact that polyester film is 
a clear film that can be supplied 
with either a glossy or matte sur- 
face, and can be printed, metal- 
lized, dyed or decorated with col- 
ored adhesives, has resulted in 
a wide variety of decorative ap- 
plications for the film. 

Probably the most widely used 
decorative effects are obtained by 
using the film in combination 
with metal, either by vacuum met- 
allizing the film or by laminating 
the film to metal foil by adhesive 
bonding. Metallizing the film, 
then bonding it, metal side down, 
to paper, metal, leather or plas- 
tics (such as vinyls), provides 
many styling effects. Such lami- 
nates can be embossed, fabricated 
or tailored. They are used for 





applications such as automobile, 
train and airplane interiors; fur- 
niture, upholstery, shoes, hand- 
bags, billfolds, belts, compacts and 
cigarette cases. Since the lami- 
nate is constructed so that the 
polyester film is on the exposed 
side, the metal film and the back- 
ing material are protected from 
scuff marks, scratches, and chemi- 
cal attack or weathering. When 
applied to leather, the film pro- 
vides protection against mildew. 
In addition to metallizing with 
such metals as aluminum, gold 
or silver, metallic effects can be 
obtained by using colored lac- 
quers or pigmented adhesives in 
the bonding process. 

Decorative yarns can be made 
by slitting metallized film. Usual 






widths of such yarn range from 
1/64 to 1/80 in., although it can 
be slit in widths narrow enough 
to provide workable deniers as 
low as 30. The yarn is strong 
enough to be twisted, quilted, 
woven or knitted into fabrics at 
normal operating speeds, and re- 
sulting fabrics withstand ironing 
temperatures. The yarn can be 
dyed with the same colors used 
on polyester fiber (Dacron) and 
can be cross dyed without discol- 
oration. 

Another interesting decorative 
effect can be obtained by dying 
polyester film. Colors available in- 
clude amber, navy blue, black, 
bronze, blue and neutral gray. 
Such dyed films can also be met- 
allized to provide other effects. 
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Selecting Mechanical Finishes 








Smooth bright finish (mirror finish) is widely used to enhance decorative appeal of a number of consumer products 
such as kitchenware, automobile trim and hardware. 


Satin finish, applied by hand, is used to decorate desk set. Blended satin finish on built-up Cadillac roof is obtained by 
finishing entire assembly with abrasive belt after sides have been welded in place. 










Textured finish on Pontiac wheel cover is obtained by polishing “spokes” and leaving recessed areas untouched, 
on Lincoln rear deck molding by filling recesses of horizontal ridges with enamel. 
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HOW TO GET THEM 


for Stainless Steel 





by Richard E. 


Paret, Committee of 
Stainless Steel Producers, American Iron 
and Steel Institute 





Final Surface Appearance 


Equipment Required 


Typical Applications 








ype of Surface How Initial Surface 
+. Obtained Required 

Smooth Bright Buffing | No. 2 strip finish, | 
| No. 2B or No. 4 sheet 
| finish if not marred; 
| otherwise, ground or 
| polished surface 

| with minor marks 
Barrel Free of all but minor 

finishing marks 

Satin Semibright | Grinding and | Rough finish or finish 
polishing | marred by fabrica- 


tion 


Smooth, bright, highly reflec- 


ceptible abrasive marks. Mir- 
ror finish obtainable by using 
fine abrasives in final opera- 
tion 





| Same as buffed finish 
| 


| 


Smooth semibright surface 
containing fine scratches. 
More reflective than satin fin- 
| ish; less reflective than buffed 
| or barrel finish 





tive surface with barely per- | 


| Fabric buffs and fine abrasives | 


_used in conjunction with: 


| polishing lathes; stand or 
| swing grinders; or flexible 
| shaft air or electric portable 
| grinders 


Highly reflective surface for 
household appliances, auto 
trim, sanitary equipment, 
jewelry, tableware 





Equipment similar to barrel 
tumbling but imparts gentler 
motion. Stainless steel balls 
plus soap and water or similar 
media generally used. Fine 
| abrasive used instead of balls 
| for finest finish 





Same as buffing but generally 


used for 1) small parts in large 
quantities, or 2) parts difficult 
to buff 








Stand or swing grinders; flex- 
ible shaft air or electric grind- 
ers; polishing lathes; fixed or 
hand abrasive belt, disk or 
sleeve machines 


Architectural applications, cab- 
inets, commercia! kitchens and 
laboratory equipment, utensils; 
preparation for finer finishes 





Uniform surface free 
of defects. No. 2 strip 
or No. 4 sheet finish 
(No. 2 sometimes 
used if not marred); 
otherwise, grind and 
polish to equivalent 


Satin finishing 











| of No. 4 
Textured Semibright| Embossing Polished, buffed or 
or Matte and engraving | satin finish 





Smooth, lustrous semibright 
surface; not highly reflective 





Same as for buffing but with 
tampico brushes instead of 
wheels ; or with wicking wheels 
| (sometimes bu ffs) and special 
abrasives 








High quality surfaces without 
high reflectivity or for decora- 
tive contrast with brighter 
surfaces. Architectural equip- 
ment, tableware, appliances 








| Patterned finishes having wide 
variety of decorative effects 


Embossing rolls or engraving | Flatware, hollowware, plaques, 


| equipment, often of panto- 


| 


| graph type 
| 


tablets, nameplates, decorative 
panels. Recesses may be filled 
with enamel for contrast and 
decoration 








@ A pleasing appearance, combined 
with high strength and corrosion 
resistance, have made stainless 
steel extremely popular in appli- 
cations where both function and 
appearance are important. Al- 
though stainless steel can be fin- 
ished by many nonmechanical 
techniques, such as electropolish- 
ing, enameling, etching and plat- 
ing, mechanical finishes are most 
frequently used because of the 
quality and variety of finishes ob- 
tainable, and the ease with which 
they can be produced. 
Using a mill finish 

In many applications it is pos- 
sible to eliminate in-plant finish- 
ing by selecting a standard mill 























finish. As shown in Table 1 and 
the photo on the next page, stain- 
less steel sheet is available in a 
variety of standard finishes, rang- 
ing from the frosty white No. 1 
finish to the mirror-bright No. 8 
finish. 

The No. 1 hot rolled, annealed 
and descaled finish is used where 
final appearance is not too im- 
portant and where a mill polish is 
liable to be marred by processing 
operations such as annealing or 
machining. For example, a finish 
similar to No. 1 is often selected 
for parts that must be annealed 
between draws. 

The No. 2D cold rolled and de- 
scaled finish is preferred where 


severe forming is to be followed 
by a final finishing operation. The 
surface holds lubricants satisfac- 
torily and is well suited for deep 
drawing or spinning. 

The No. 2B finish is similar to, 
but somewhat brighter than, the 
No. 2D finish, and is obtained by 
final light cold rolling between 
highly polished rolls. It is used 
where relatively light forming op- 
erations are to be followed by final 
finishing. 

No. 4, 6, 7 and 8 mill finishes 
are obtained by polishing, brush- 
ing or buffing, and are intended 
for use where little surface dam- 
age is expected during fabrication. 
They can be used in applications 
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Reflectivity of various finishes can be compared by noting difference in 
reflections cast by figurines. Finishes on left side (from top to bottom) 
are No. 1, 2D, 2B, and 8; finishes on right side (top to bottom) are No. 


4, 6,7 and 8. 





TABLE 1—AVAILABLE MILL FINISHES FOR STAINLESS STEEL SHEET 



























































Finish Surface Used as Can Be Used Before 
& How Obtained Appearance Final Finish for... Fabrication When... 
No.1 | Hot rolling, annealing | Frosty white High temperature | Appearance not im- 
and descaling or industrial appli- | portant or when 
cations surface will be 
marred, as in 
annealing 
No. 2D | Cold rolling and descal- | Similar to No. 1, | Industrial applica- | Severe drawing is 
ing but brighter | tions to be followed by 
| polishing 
No. 2B | Cold rolling Bright Curtain walls; | Light forming is to 
industrial, com- | be followed by pol- 
mercial and trans- | ishing 
portation equip- 
| ment 
| No. 3 | Polishing Bright Not generally used | A semifinished sur- 
as final finish | face is required for 
| final polishing after 
| | | fabrication 
No. 4 | Polishing Bright, good | Most commonly | Forming operations 
luster used finish: archi- | will not mar surface 
tectural trim; | 
restaurant, kitchen 
and sanitary equip- 
ment 
No. 6 | Tampico brushing Soft, satiny Decoration without | Forming operations 
high reflectivity will not mar surface 
No.7 | Polishing and buffing | High luster Decoration Forming operations 
will not mar surface 
| No. 8 | Polishing and buffing | Mirror finish Decoration or a | Forming operations 
reflective surface | will not mar surface 
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where localized forming, weldj 
or light stamping are required, 
in some kitchen and dairy equ 
ment and automobile trim. 


In addition to these sheet 
ishes, two finishes are availa 
for stainless steel strip: a No 


finish that is similar to a No. 2? 
sheet finish, and a No. 2 fini 
that is also comparable to, b 
often brighter than, a 2B she. 
finish. These finishes are wide! 

used for automobile trim without 
subsequent polishing. Finishes 
available on other mill forms, such 
as bars, tubes and plates, are 
roughly comparable to those ob- 
tainable on sheet forms, and range 
from hot rolled surfaces to mirror 
polishes. 

Suitable precautions should be 
taken to prevent scratching or 
marring of finished surfaces dur- 
ing fabrication. A number of pro- 
tective coatings can be specified 
for application by the mill. Some 
commonly used shop methods in- 
clude the insertion of paper be- 
tween sheets or parts, and spray- 
ing of surfaces with peelable rub- 
ber latex or plastics coatings. 
Careful attention to lubrication 
during forming can also prevent 
surface damage and reduce finish- 
ing costs. 


Simulating a mill finish 

The No. 4 mill polish has 
proved to be the most popular fin- 
ish for stainless steel parts. Table 
2 describes the operations re- 
quired to obtain this finish. The 
information is offered as a guide 
only; practice and experience will 
show how variations can be toler- 
ated. Preliminary operations can 
often be eliminated, depending on 
the condition of the original sur- 
face. 

Final hand finishing is useful 
for polishing large areas or for 
finishing welded areas so that they 
match adjoining surfaces. Welded 
areas can be obscured by blend- 
ing polishing lines with a 150-180 
abrasive cloth that is soaked in oil 
and mounted on a block. In all 
cases a lubricant should be used 
for final polishing. 

Recommended operations for 
obtaining finishes equivalent to 
the high mill polishes, No. 6, 7 














= 





| 8, are contained in Table 38. 
\s shown, two buffing opera- 
ns—cutting and color buffing 
ire required to obtain a No. 7 
8 finish after polishing. The 
yr buffing operation is compar- 
vely short and is continued only 
til the true color of the metal 
brought out. Neither buffing 
eration can be expected to re- 
ve any surface imperfections 
heavy marks inflicted during 
polishing. 
Selecting wheels and abrasives 
Grinding—Solid wheels backed 
with hard rubber or bakelite are 
preferred for rough grinding. Vit- 
rified wheels have a tendency to 
load up and cause overheating— 
a condition that can cause warp- 
ing and heat tint. In severe cases 
the high heat generated during 
grinding can affect the temper of 
heat treated parts and even cause 
carbide precipitation in the aus- 
tenitic chromium-nickel grades of 
stainless steel. In all cases manu- 
facturers’ recommendations for 
wheel speeds should be followed. 
Polishing—Polishing is similar 
to grinding in that both opera- 
tions are designed to remove ex- 
cess metal and surface imperfec- 
tions. The processes are distin- 


guished chiefly by the severity of 
their cutting action—polishing be- 
ing less severe and utilizing softer 
wheels, finer abrasives and some 
form of lubricant. 


Fabric 


polishing 


wheels are 


available in a number of materials 
and types. Cloth wheels, made of 
fine count unbleached muslin, are 


the most commonly used. Wheels 
disks can be loose, glued or sewed, 
depending on the stiffness re- 
quired; wheels of high stiffness 
provide the fastest cutting action. 
Also used are compress wheels 
consisting of segments of canvas, 
felt or leather. These wheels can 
be shaped to fit the contour of 


TABLE 2—HOW TO OBTAIN A NO. 4 FINISH 

















Operation Remarks Wheel # Abrasive Grit» | — Lubricant Speed 
7 

1. Rough Grind | Starting operation | Rubber or | Aluminum oxide | 20-60 | Dry 56000 
for rough weld | bakelite— | or silicon car- 
beads. Required | bonded bide 
only for very 
rough work | | 

2. Final Grind Starting operation | Rubber or | Aluminum oxide 60 80 | Dry 5-6000 
for heavy sheet or | bakelite— | or silicon car- | 
plate, hot rolled | bonded bide 
finishes or light 
welds 

3. Rough Polishe | Starting operation | Cloth Aluminum oxide |80-100) Polishing tal- | 7500 
for cold rolled | or silicon car- low or grease 
sheet or strip bide stick 

4. Final Polish | Gives No. 4 mill | Cloth Aluminum oxide | 120- | Polishing tal- | 7500 


finish 





or silicon car- | 150 


low or grease 
bide | stick 





aBelts may also be used where shape permits. In general, same grit specifications are applicable. 
bGrit used depends upon quality of finish or grit used in prior operation. Grit should be 
increased about 20 to 40 numbers for each operation. 

cNo. 8 finish can be obtained after this operation by final polishing with 100 grit belt or wheel. 


TABLE 3—HOW TO DEVELOP A HIGHER FINISH FROM A NO. 4 MILL FINISH 





















































Finish Desired Operation Wheel Abrasive Grit No. Lubricant Speed, | Remarks 
: sfpm 
No. 6 Brushing Tampico or | Powdered pum- — ~ | 1-5000 | Finish varies with abrasive 
similar brush | ice with oil ap- and wheel speed 
| plied as paste | 
No. 7 1. Polishing Cloth | Aluminum oxide 180 Tallow or grease stick | 7500 | May be followed by polish- 
| or silicon car- ing with No. 220-240 grit 
bide | 
2. Buffing (cutting) | Bias type or | Cutting com- — Cutting compound is sup- | 8-10,000 | Cutting compounds must be 
| sewed piece | pound plied in stick or cake with iron-free 
| buff lubricant 
3. Buffing (coloring).| Loose disk or | Coloring com- — Same as above 8-10,000 — 
bias type pound 
No. 8 1. Polishing........| Cloth Aluminum oxide 180 Tallow or grease stick 7500 _ 
or silicon car- 
bide 
2. Polishing........ Cloth Aluminum oxide | 240-320 | Tallow or grease stick 7500 — 
or silicon car- | 
bide | 
3. Buffing (cutting). . Same as for No. 7 finish 
. Buffing (coloring). Same as for No. 7 finish 
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parts and are available in varying 
degrees of stiffness depending on 
the material used. 

Abrasives used for grinding and 
polishing should be free of iron. 
Aluminum oxide is generally pre- 
ferred for stainless steel; how- 
ever, silicon carbide is also used 
occasionally. 

To prevent overheating, long 
strokes and carefully controlled 
pressures should be used during 
grinding and polishing. High 
wheel pressures do little to in- 
crease cutting action, which is 
largely dependent on wheel speed, 
stiffness and the abrasive used. 
Thin, flat sheets should be ade- 
quately backed up to prevent 
warping. 

Buffing—Buffing wheels should 
be made from a high count muslin. 


Sewed buffs can be used for the 
cutting operation. For color buff- 
ing, however, buffs made up with 
spacers between sections provide 
greater softness and ventilation 
and prevent overheating at high 
Good ventilation is also 
provided by bias-type buffs made 
up of corrugated cloth sections. 
String wheels are often used 
where more flexibility is needed. 

Abrasives used for buffing are 
similar to those used for grinding 
and polishing in that they are 
iron-free and usually contain 
aluminum oxide. Green chromic 
oxide is sometimes used to obtain 
a mirror finish. 
Barrel finishes 

Barrel finishing is uniquely 
suited for deburring and bright- 
ening small parts in large quan- 


speeds. 








4 


Rigidized Metals Corp. 


These textures are the same but... 


. panel on left is untouched, whereas panel on right has been 
blackened over-all, then polished to accent high spots—an outstanding 
example of what can be done with textured finishes. 
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tities and for applying a brig 
finish to parts that are diffic: 
to buff. The process is widely us 
for finishing such stainless st 
parts as pen points, eyelets a) 
grommets. 

Two types of barrel finishi 
methods are available: deburrin 
and ball burnishing or bright fi 
ishing. Granite chips are most 
ccmmonly used for burr removal. 
although aluminum oxide, carbo 
rundum and sharp silica sand ar: 
also used. A typical work load 
consists of three or five parts of 
tumbling material (by volume) to 
one part of work, plus enough 
water and soap to cover the work. 
Total work load usually amounts 
to 50-60% of the barrel’s capacity. 

Ball burnishing is usually used 
to bright finish parts after they 
have been deburred. If parts do 
not require removal of excess 
metal, they can be ball burnished 
without prior finishing. Burnish- 
ing media usually consist of stain- 
less steel balls, but cones, disks 
and pins can also be used. The 
work load generally contains two 
parts media to one part work, plus 
water and soap, and usually oc- 
cupies 50-60% of the barrel’s vol- 
ume. In some cases Vienna lime 
is substituted for soap to provide 
cutting action. Barrels are usually 
rotated from 1 to 4 hr, depending 
on the nature of the part and the 
finish desired. 

Textured finishes 

A wide variety of textured pat- 
terns can be produced in stain- 
less steel sheet by passing the 
metal between engraved rolls. 
Aside from their decorative effect, 
these finishes increase the rigidity 
of flat panels. In addition, the 
mechanical properties of austen- 
itic grades are increased by work 
hardening during rolling. 

Two-tone decorative effects can 
be obtained by combining the lus- 
ter of steel with the color of an 
organic or porcelain enamel. In- 
teresting effects (see photos) are 
produced by applying the enamel 
to the entire surface and 1) wip- 
ing the enamel off the high spots 
before baking or firing, or 2) 
polishing off the high spots after 
baking or firing. 
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| Photos eourteny International Nickel Co. 
Turbine blades produced from Inconel 700 can operate at temperatures up to 1700 F. 


Modification of existing 


ee Nickel Alloys for nickel-chromium and nickel- 


chromium-iron alloys has re- 

. . sulted in new alloys with im- 
High Temperature Service (rrr ick. temperature 
characteristics. Here are 


by Randolph P. Dominic 
data on five of them. 


@ Special combinations of prop- followed by aging at a lower tem- num-titanium modified Inconels 
erties required to meet specific perature hardens the alloy by pre- have reversible age hardening 
engine and airframe requirements cipitation of a dispersed phase. characteristics. No serious dam- 
are being met by modifications of Unlike conventional age harden- age results if the materials are 
existing alloys. Most of the work able alloys, however, these alumi- subjected to temperatures some- 


involves alloys of high nickel con- 






































tent, such as modifications of NOMINAL COMPOSITIONS OF THE ALLOYS 

Inconel and Incoloy. They include 

Inconel 700, 702 and 718C and Alloy c | Mn | fe | Ni | cr | Al | Ti | Co | Mo |Cb+Ta 

Incoloy T and 901. 

The Inconels Inconel ieee «6 0.03 0.30 7.0 75.0 15.0 _ — _ —_ —_ 

Inconel W...... 0.04 | 0.70 7.0 74.0 14.5 0.6 2.4 — — — 

All of the new Inconels have jiongy. 0.04 | 050 | 70 | 730 | 145 | 07 | 25 | — | — | 10 

a common characteristic. A large —ineonel 700... 0.10 | 0.06 | 10 | 460 | 150 | 30 | 20 | 20] 30 | — 

part of the improvement in their _ Inconel 702..... 0.02 | 0.10 | 0.35 | 800 | 150 | 30 | 05 | — a ae 

high temperature strength results Incoloy......... 0.04 1.0 Bal | 33.0 | 20.0 ~ = = - = 

fiiek “abe hardening character. ‘SeyT....... 0.04} 10 | Bal | 330 | 00) — | 10) — | — | — 
‘ . Pe Incoloy 901..... — _— Bal 42.0 12.0 — 2.5 — 6.0 — 

tics imparted by the addition of — Nimonic 75... . on 1 ae) 18 | Wei me) — | — | — | =| - 

aluminum and titanium. A high Inconel 713C 

temperature solution treatment SF <0.20} 1.0 | <5.0] Bal | 125 | 60 | 0.75 — 45 2.0 
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what above the age hardening 


temperature, unless heating plus 
stress causes excessive creep de- 
formation. When the metal is over 


ieated some of the dispersed phase 
returns to solution and there is 
a corresponding reduction in 


rength. However, when tempera- 


Temperotu 


60 
Temperature trends in aircraft jet 
engines. 


Tail cones require materials such as 


ture is reduced, the hardening 
component reprecipitates and 
original hardness is restored. In 
conventional age hardenable al- 


loys, appreciable exposure’ to 
temperatures above the age hard 
ening temperature causes perma 
nent softening of the _ alloy; 
hardness can be restored only by 
reheating to the solution temper- 
ature and re-aging. 

Some of the Inconels are used as 
aircraft gas turbine materials and 
as sheet materials for other air- 
craft and industrial components. 
When used as turbine blades, the 
alloys are given a high tempera- 
ture solution treatment before 
aging. This treatment 
their rupture strength. 

High temperature solution 
treatment of sheet is impractical. 
Cooling from the required temper- 


increases 


ature causes buckling that mu 
be rectified by cold rolling 
stretching. This cold  worki) 
substantially reduces 
strength; 


( 


0.529 permanent 


ruptu 
for example, as little 

strain introduc: 
at room temperature complet 

cancels _ the improvement 
strength resulting from solutio 
treatment of Inconel X sheet. 

similar loss of strength 
result from the cold forming oft 
solution treated sheet into a use 
ful product. 

Another factor making it im 
practical to supply sheet materia] 
in solution treated condition is 
grain growth resulting from long 
exposure at high temperature. A 
rough surface condition (“orange 
peel”) may result if such material 
is deep drawn or severely bent. 

Because of these factors, In- 


woul 


Inconel 702 that are resistant to high temperature corrosion. 
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nel sheet alloys are usually sup- 
niied in the annealed condition. 
pical differences in rupture 
‘ength between solution treated 
d annealed material are indicat- 
{in Fig 1. 
Special short time aging treat- 
ients have been developed to im- 
prove the room temperature prop- 
erties of sheet alloys. The con- 
ventional aging treatment is 20 
hr at 1300 F; by raising the tem- 
perature to 1400 F, the time for 
aging sheet materials can be cut 
to 1 hr without seriously reducing 
strength. For example, aging In- 
conel X sheet 1 hr at 1400 F pro- 
duces a tensile strength of 166,000 
psi, compared with 178,000 psi 
produced by aging 20 hr at 1300 
F. This short time treatment is 
now being used widely because it 
is more practical and more eco- 
nomical for sheet than the conven- 
tional method used with more mas- 
sive forms. 
The Incoloys 
Alloys in the Incoloy group have 
nickel, chromium and iron as the 
major constituents and thus differ 
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Fig 1—Rupture strength of Inconel X is affected by method of heat treatment. 


from the Inconels that are basic- 
ally nickel-chromium. Nickel con- 
tent of the Incoloys generally 
ranges from 30 to 35% whereas 
most Inconels contain more than 
70% nickel. 

In the new Incoloys developed to 
meet more stringent stress and 
temperature requirements, the 
basic composition has been modi- 
fied by the addition of titanium 


and molybdenum. Addition of ti- 
tanium produces a sheet alloy of 
moderate strength whereas addi- 
tion of titanium and molybdenum 
produces an alloy that can be age 
hardened. In sheet form this alloy, 
Incoloy 901, can be hardened by 
aging 2 hr at 1400 F, the short 
time aging treatment being used 
for the reasons discussed previ- 
ously. 





Inconel 700 




























Inconel 700, age hardenable 
nickel-cobalt-chromium alloy, was 
developed to meet stress and tem- 
perature conditions beyond the 
range of Inconel X. Short time 
tensile and stress rupture proper- 
ties of this alloy are given in Fig 
2 and 3. 

Recent work on Inconel 700 
shows that modifications in heat 





treatment, though _ sacrificing 
some high temperature rupture 
strength, are useful in improving 
fatigue strength. Normal heat 
treatment — solution treatment at 
2150 F followed by aging at 1600 
F — results in a fatigue strength 
of 45,000 psi at 1200 F. Aging of 
hot rolled material directly at 1400 
F increases the fatigue strength 











to about 90,000 psi. 

Inconel 700 is useful for turbine 
blades that operate at tempera- 
tures up to 1700 F, and may serve 
at higher temperatures under 
certain conditions. This alloy ex- 
tends the operating temperature 
range 100° F above that of In- 
conel X for the same rupture 
strength. 
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Fig 2, 3—High temperature properties (left) and rupture strength (right) of Inconel 700. 
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Inconel 702 


excellent oxidation resistance in 
the 2000 to 2400 F range. The 702 
alloy, for example, loses only 4% 
of its cross section in 100-hr ex- 
posure at 2200 F-—conditions 


Inconel 702 nickel-chromium al- 
loy was developed to meet the need 
for a metal of moderate strength 
with exceptional oxidation resis- 
tance at elevated temperatures. 
Comparison of the oxidation char- 
acteristics of several metals in 


under which cobalt-base alloys are 
completely oxidized. 

















Fig 4 shows that Inconel 702 has Short time tensile properties 
—-— Surface——> 
0.0 I 
/nconel 702 
/ncone/ 
0.005 P= 
Mens, as 
S35, 








0.010 


Sheet samples exposed /OOhr 
in slow moving air art 
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0.015 temperature shown 
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Fig 4—Ovzxidation rates of a number of metals show the excellent resistance 
of Inconel 702 in the 2000 to 2400 F range. 





Sheet thickness: 0083 in. 
Cold rolled, annealed, leveled, 
aged 5 hr at /400F 
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Fig S—Elevated temperature mechanical properties of Inconel 702 sheet. 
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Fig 6—Rupture strength of Inconel 702 sheet. 
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Stress, 1000 psi 








(Fig 5) and stress rupture pr 
erites (Fig 6) give an indicati 
of the effect of temperature on t!] 
mechanical properties of this m 
terial. 

Inconel 702 is a logical choi 
for applications in which oxida 
tion resistance is critical and lig} 
loads are encountered. These in 
clude combustion liners and th 
transition pieces that direct th: 
flow of hot gases from the com 
bustion chamber to the _ turbin 
wheel in a jet engine. 


Inconel 713C 


Inconel 713C is the only alloy in 
the group that is used in cast 
form. This alloy has outstanding 
rupture strength at 1700 F and 
excellent resistance to thermal 
fatigue. It is especially suited for 
turbine blade applications in en- 
gines of advanced design. Effects 
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Fig 7— Elevated temperature me- 
chanical properties of cast Inconel 
718C. 
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Fig 8—Rupture strength of cast In- 
conel 718C. 
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temperature on short time ten- 
and rupture properties are 

en in Fig 7 and 8. 

-esistance to thermal fatigue is 

icated by results of a series of 

ts run on investment cast 


blades of Inconel 713C, in com- 
parison with AMS-5382-B (25.5 
chromium, 10.5 nickel and 7% 
tungsten), one of the better blade 
materials available at present. The 
materials were alternately heated 


to 1700 F by an 


f 
Cc 


I 


before 


C 





oxyaceteylene 
lame and cooled by air blast, each 


ycle requiring 1 min. In this test, 


nconel 713C averaged 877 cycles 
appearance of the first 
rack; AMS-5382-B averaged 426. 





incoloy T 


Incoly T is a_ moderately 
strengthened Incoloy alloy produc- 
ed by adding about 1% titanium 
to the basic nickel-chromium-iron 
alloy. Currently, it is available 
only in sheet. Rupture data show 
that this alloy is not as strong as 
the new Inconel alloys (see Fig 
9) but is somewhat superior to 
basic Inconel and Incoloy. 

Incoloy T is used for combustion 
liners and other components where 
stresses are moderate and temper- 
atures range up to about 1800 F. 
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Fig 9—Rupture strength of Incoloy T sheet is moderately higher than that of 


the basic Incoloy,. 





Incoloy 901 


Incoloy 901 was developed to 
match the mechanical properties 
of Inconel X at temperatures up to 
1350 F. This is accomplished by 
increasing the nickel content of 
the basic Incoloy alloy to the 40 to 
45% range and adding titanium 
and molybdenum. 

The best high temperature rup- 


ture properties of Incoloy 901 are 
obtained by a high temperature 
solution treatment before aging. 
However, sheet is formed in the 
annealed condition and aged by a 
short time (2 hr) treatment at 
1400 F. The properties of this 
alloy are given in Fig 10 and 11. 

The major use of this alloy is in 
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Fig 10, 11—High temperature properties (left) and rupture strength (right) of Incoloy 901 sheet. 


turbine disks. Inconel X meets the 
needs of engines now in produc- 
tion, but operating temperatures 
are not sufficiently high in most 
current engines to justify the use 
of this alloy for disks. The less 
expensive Incoloy 901 can replace 
Inconel X at temperatures up to 
1350 F. 
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Pneumatic time delay relay 
the delay-after-de-energizing positi: 
This product was an entry in t 


1957 Awards Competition. 














Why 13 Different Materials 


Are Used in This Relay 


Here is a part-by-part analysis of the selection of materials for a time delay relay. 


by C. A. Schaefer, H. C. Belling, R. F. Gottsacker and D. F. Grobe, Square D Co. 





Time Delay Relay: What It Does 


| Automatic control circuits uti- 
| lizing timing relays are required 
| for many applications such as 
| processing control, air condition- 
| ing control, machine tool control, 
and many others. Wherever a 

control sequence requires a short 
timing period between successive 
operations or functions, a pneu- 
matic time delay relay may be 
the best answer to the problem. 
These devices may be called 
on to handle other control re- 
lays, contactors, motor starters 
and other equipment in alternat- 
ing current circuits up to 600 v 
max, although the present trend 
is for control circuit voltages of 











110 v or less. Timing must be 
consistent within not more than 
+ 15%, under temperature con- 
ditions that may vary from be- 
low zero to as high as 150 F. 
Variations in line voltage from 
15% below normal to 10% above 
normal must not affect the ac- 
curacy of the timing function. 

The small pneumatic time de- 
lay relay described here is essen- 
tially a magnetic relay equipped 
with a pneumatic diaphragm 
unit which provides a delay of 
adjustable duration between the 
energizing or de-energizing of 
the relay coil and the function- 
ing of the contacts. The device 


is composed of three basic units: 
a pneumatic time delay mechan- 
ism, a two-circuit double-throw 
switch and an a.c. operating 
magnet. 

The magnet can be mounted 
in either of two positions: one 
provides time-delay-after-ener- 
gizing of the magnet coil before 
actuation of the contacts; the 
other provides time-delay-after- 
de-energizing. Restoration of 
contacts to their initial position 
is instantaneous when the coil is 
either de-energized or energized. 
The delay time is adjustable 
from a minimum of 0.2 sec to at 
least 1 min. 
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Time delay unit 


Valve housing (1) and exhaust head (2) 
quirements: Encloses diaphragm assembly and needle 
ve. Exhaust head also serves for mounting the unit 
base plate and for supporting the switch unit. 





























iterial selected: Zinc die castings. 

asons: Adaptability to molding complex shapes, rigid- 
, strength, and minimum amount of machining neces- 
try. 


Diaphragm (3) 
Requirements : 

1. Diaphragm flexes with each operation of the timer. 
Since it must be operated by a relatively weak spring, its 
flexibility must be substantially flat and must remain 
constant throughout any range of temperature (from 
-20 to + 150 F). 

2. To make the release valve integral with the dia- 
phragm, the diaphragm material must be soft and 
smooth enough to produce a tight seal with relatively low 
unit pressure. 

3. Diaphragm must be capable of bonding to stiffening 
disk in outer portion with an airtight seal. 

4. It must be moldable to produce valve surface at the 
center and sealing bead around the periphery for clamp- 
ing between the two zinc die castings. 

Material selected: Low cold-test silicone rubber. 


Reasons: 

1. Silicone rubber proved superior to two other materi- 
als tested (see Fig 1). No change in time was evident 
even at temperatures as low as —94 F. 

2. The material possesses unusual stability, is highly 
resistant to aging in practically all atmospheres, and has 
a long service life. 


Valve seat (4) and bushing (5) 


Requirements: The valve seat, which threads onto the top 
end of the shaft, must function as the upper guide for the 
shaft. Galling and wear of the zinc die castings must 
be avoided. 


Material selected: Molded nylon. 


Reason: In order to avoid galling and wear of the zinc 

die castings, a nonmetallic material was judged desirable. 
" Nylon proved ideal for the valve seat because it provides 
a smooth surface and an extremely low coefficient of fric- 
tion. For these same reasons, a molded nylon bushing is 
pressed into the exhaust head casting to guide the shaft 
extending below the diaphragm. 


Diaphragm button (6) 


Requirements: Attaches to bottom end of shaft, engaging 
a pin at end of operating lever between its upper and 
lower flanges. 


Material selected: Machined nylon. 
Reasons: 

1. Spool-type part is machined from nylon rod to insure 
that no molding fin interferes with proper fit of lever pin. 
Low friction coefficient and antigalling properties of 
nylon allow part to withstand millions of blows from 
operating magnet without appreciable wear. 

2. Nylon is relatively soft compared to the stainless 
steel operating shaft and contracts slightly after tapping, 
preventing the part from loosening up on the shaft in 
service. This effect obviates the need for lock washers 
or other locking means, and greatly facilitates assembly. 


Needle valve mounting (7) 
Requirements: Mounting must hold needle rigid yet allow 
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Components of pneumatic time delay unit. 


it to be readily adjustable by hand. After adjustment, 
the needle must remain firmly in position. 


Material selected: Molded nylon. 
Reason: Nylon provides a smooth friction fit. 


Adjusting screw (8) and operating shaft (9) 


Requirements: These parts must be corrosion resistant 
and free machining. A 32-microinch finish must be given 
to the accurately tapered end. 

Material selected: Free machining 416 stainless steel. 


Reasons: Excellent machinability, corrosion resistance. 


Air filter (10) 


Requirements: Must keep dust and dirt out of the needle 
valve and valve seat. 

Material selected: Porous bronze, pressed and sintered by 
powder metallurgy. It is held in place by a Waldes re- 
taining ring. 

Reason: Porous bronze provides a good filter. If it be- 
comes contaminated, however, it can be easily removed, 
cleaned and replaced. 


Dust hood (11) 


Requirements: Prevent unnecessary contamination of air 
filter by dust falling onto unit from above. 
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Material selected: Molded heat resistant polystyrene. 
Reason: A drawn metal stamping and an aluminum im- 
pact extrusion were originally considered but required 
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Fig 1—Effect of ambient temperature on time delay 
characteristics of three diaphragm materials. 


Snap switch unit 


Contacts (14) 


Requirements: The contacts, located on both the station- 
ary and bridging members of the snap switch, must resist 
contact welding or sticking. 


Components of snap switch unit. 
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relatively high tooling cost. Injection molding of pol 
styrene costs less. In addition, a clear, transparent m 
terial makes it possible to observe condition of powder 
bronze filter, 


Valve spring (12) and operating spring (13) 
Requirements: 

1. Both must be of conical type in order to provid 
stability and permit mounting in a space of minimu: 
height. 

2. Must be wound with graduated pitch to maintai) 
low spring rate throughout their range of deflection. 

3. Must resist ordinary atmospheric corrosion. 
Materials selected: Copper-coated stainless steel spring 
wire and tin- or cadmium-coated music wire. 

Reason: Experience had shown that fine wire springs of 
this shape cannot be economically plated, since they b 

come almost hopelessly tangled in the process. Hence, 
0.018-in stainless steel spring wire was specified for thé 
valve spring. At the suggestion of the spring maker, the 
stainless steel was copper coated to prevent galling in the 
coiling process, For the heavier and more highly stressed 
operating spring, tin- or cadmium-coated music wire was 
specified, the precoating providing the necessary cor- 
rosion protection. 


Material selected: Cadmium-oxide silver. 

Reason: This material was found to have better resist- 
ance to contact welding and sticking than fine silver con- 
tacts normally used in similar applications. In this par- 
ticular instance the material could be obtained with no 
increase in cost. 


Return spring (15) 

Requirements: Must resist attack by nitric acid and other 
corrosive products sometimes formed within enclosed 
switches under certain operating conditions. 

Material selected: Copper-coated 302 stainless steel. 
Reason: Stainless steel will resist the corrosive products 
normally encountered. Copper coating is used as an aid 
in coiling and is not intended to furnish corrosion pro- 
tection. 
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pared for button stems of stainless steel and molded nylon. 














Snap switch enclosure and cover (16) 
k. quirements: Must have good impact strength, excellent 
ensional stability, good resistance to carbon tracking, 
good electrical properties. 
erial selected: Electrical grade phenolic. 
sons: Melamine was first considered for this applica- 
because of its excellent electrical properties. How- 
‘+, cost considerations and the difficulty of molding this 
material in automatic molding presses led to the selection 
special grade phenolic. 


Operating button (17) 

Requirements: Wear resistance, good insulating proper- 
ties, dimensional stability and low cost. 

Material selected: Molded nylon. 

Reasons: 

1. In a previous design of a similar switch unit, the 
operating button was made of phenolic cemented to a 
stamped stainless steel stem. A series of tests proved 
nylon more suitable (see Fig 2) in its wearing qualities. 

2. Walls could be extended around toggle spring slot 


Magnet assembly 


Magnet frame (19) and armature (20) 
Requirements: Must be of laminated construction to avoid 
eddy currents. 

Material selected: 3.5% silicon steel, 0.025 in. thick. 
Reason: Although various grades of such steel are avail- 
able, the material selected satisfied all of the require- 
ments for cost, core loss, residual magnetism and die life. 


Magnet coil (21) 

Requirements: In addition to performing normal coil 
functions, the unit must act as a guide for the armature. 
Material selected: Epoxy-impregnated copper wire. 
Reason: When cured, the epoxy resin insures an accu- 
rately shaped coil with a hard, wear resisting surface 
which allows accurate confinement and centering by the 
outwardly formed lugs on the magnet frame sideplates. 


Yoke (22) 

Requirements: Supports and guides the armature as- 
sembly inside the molded coil. Must be nonmagnetic and 
of fairly high electrical resistance for operation in the 
magnetic field of the coil. 

Material selected: Type 302 stainless steel cold rolled 
strip. 

Reason: This material met all requirements, 


Armature pivots (23) 

Requirements: Used for hinged mounting of armature 
in yoke. Must be extremely wear resistant to withstand 
shock from impact of armature against magnet frame. 
Material selected: Cold rolled steel, case hardened and 
nickel plated. 

Reason: Experience has shown that this material is ex- 
tremely wear resistant. 


Springs (24, 25) 

Requirements: Both the double torsion spring, which 
serves as a return spring, and the spring clip, which 
functions as the retainer for the magnet coil, must resist 
hydrogen embrittlement. 

Vaterial selected: Tin- or cadmium-coated music wire. 


to better contain toggle springs under high shock condi- 
tions. As a result, electrical clearances were increased. 

3. Since parts can be produced in a single cavity mold, 
dimensional variation was eliminated. High uniformity 
permits operating characteristics of switch to be held 
wthin much closer limits than would be possible if some 
other material not lending itself to this particular fabrica- 
ion method were used. 


Toggle springs (18) 


Requirements: Because of the narrow limits on the 
operating force of the snap switch, the force exerted by 
the toggle springs must be held within close tolerances. 
Spring material must also have a high fatigue strength 
to provide long life. 


Material selected: Precipitation hardening beryllium cop- 
per strip. 


Reason: With conventional thin strip, springs must be 
overformed to allow for springback. Beryllium copper 
springs can be formed in accurate dies to final dimen- 
sions. 


Reasons: Use of precoated wire not only obviates the 
need for plating the springs after forming, but also 
avoids the danger of hydrogen embrittlement (a serious 
cause of failure if plated springs are not properly heat 
treated after plating). 


Retainers (26) 


Requirements: Snap into grooves near the ends of the 
retaining pins, locking them into place. Must be resilient 
and strong. 

Material selected: Nylon. 

Reasons: 

1. Nylon has proved successful in applications of this 
kind because of its resilience, toughness and wear re- 
sisting qualities. 

2. Pins on which they are used are fabricated in a 
regular screw machine operation, and no costly drilling 
of cross-holes through the pins is required. 


9 


8. Metal-to-metal contact is eliminated 


Components of magnet assembly. 
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These aircraft parts are 
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High 

Strength 


Aluminum 
Castings 





. with guaranteed properties higher 
than those required by Federal specification. 
Reason: soundness and high purity. 


by John V. Houston, Jr., American Brake Shoe Co. 









Critical area 
Ten str 38,700 psi 
Yid str 29,500 psi 
Elong (1 in.) % 


Critical area 
Tenstr 40,600 psi 
Yid str 30,100 psi 

Elong (1 in.) 11% 





Noncritical area 


Critical area 
Tenstr 42,100 psi Tenstr 38,800 psi 


Yid str 30,100 psi Yid str 
Elong (1 in.) 12% 


30,000 psi 
Elong (1 in.) 5% 


Properties are higher than specification values in both critical and uncritical 
areas, as indicated in this photo of aileron torque tube sector (half size). 
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@ Type 356 aluminum sand cast- 
ings for aircraft are being sup- 
plied with minimum properties 
one-and-a-half to two times as 
high as the requirements of Fed- 
eral specifications for 356-T6 alloy. 
Properties are determined on test 
coupons cut from the casting it- 
self and are guaranteed. 

The high strength and uniform- 
ity of these castings, called Duct- 
aluminum, is leading to their use 
in aircraft and guided missiles for 
such parts as aileron control sec- 
tors, rudder control supports, 
fuselage fittings and fuel tank 
elbows. 

Comparison 

Federal specifications require 
30,000 psi tensile strength, 20,000 
psi yield strength and 3% elonga- 
tion in separately cast test bars. 
Should test bars be cut from the 
casting, they need only average 
22,500 psi tensile strength, 15,000 
psi yield strength and 0.75% elon- 
gation. This average figure fre- 
quently includes isolated areas 
with mechanical properties con- 
siderably below the average. The 
aircraft engineer compensates for 
these unknown weaknesses by add- 
ing a large casting safety factor, 
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by increasing the weight of 
casting. 

American Brake Shoe Co. is 

ducing two high | strength 

ides of type 356 that meet the 
emical requirements of Federal 
ecification QQ-A-60la-3. One 
ade (designated 356-S by Ameri- 

n Brake Shoe) has a guaranteed 

inimum tensile strength of 42,- 

() psi at designated high stress 
areas, &@ Minimum yield strength 
of 35,000 psi, and an elongation 
of 8%. The other grade (356-T ) 
has a guaranteed elongation of 
6% with a slight reduction in ten- 
sile and yield strengths. Proper- 
ties of these grades are compared 
with the specification require- 
ments in the accompanying table. 

As a result of careful foundry 
control (see box) it is possible 
to guarantee the properties in se- 
lected areas of the casting. Even 
the less critical areas have prop- 
erties that are considerably higher 
than those required by the Fed- 
eral specifications, as shown in the 
photograph on the next page. 
Advantages 

1. More efficient design — The 
high strength levels obtained uni- 
formly from one casting to an- 
other make it unnecessary to 
accept a weight penalty when de- 
signing castings for structural 
aircraft parts. Because designers 
can use loads at least 50% higher 
for design, it is possible to reduce 
weight and thus conserve horse- 
power in the airplane. 

2. Lower reject rate—Reliabil- 
ity of soundness is important. The 
cost of a rough casting is often 
only a fraction of the cost of the 
finished part because of the ma- 
chining and finishing required. If 
a machined casting must be re- 
jected for porosity that is not de- 
tected until machining has been 
finished, the over-all cost may be 
very high. Thus, it may be more 
economical to pay a premium on 
the rough casting than to accept 
a standard one. One airframe pro- 
ducer was able to cut the rejection 
rate from 35% to 5% because of 
improved soundness. 
Applications 

Major use for these new high 
strength grades will probably be 





How Sound Castings Are Made 


Soundness and high purity are 
the major requirements in se- 
curing the consistent properties 
that are required to guarantee 
strength and ductility of cast- 
ings. To achieve the desired re- 
sults, it is necessary to use high 
quality raw materials and care- 
fully controlled foundry prac- 
tices. 

Proper melting practice in- 
volves stringent control of de- 
gassing. This is checked by 
allowing a sample from the melt 
to solidify under vacuum. Un- 
soundness resulting from incom- 
plete degassing is readily recog- 
nized by examining a cross 
section of the solidified sample 


replacements for type 195 or 220 
aluminum castings, magnesium 
castings, or aluminum forgings. 
Replace other castings — Both 
the 195 and 220 alloys have poor 
reputations for reliability from lot 
to lot. In addition, both are more 
difficult to cast than 356. Duct- 
aluminum 356 not only provides 
superior strength and elongation 
in the actual castings, but is also 
easier to handle in the foundry. 
The new high strength grades 
provide a higher strength-weight 
ratio than is obtained using mag- 
nesium castings. Corrosion prop- 
erties, of course, are superior, and 


for porosity and microshrinkage. 
This procedure was adopted be- 
cause x-ray inspection is not 
sufficiently sensitive to detect 
microshrinkage lower than about 
2 to 3%. The metal is cast only 
after satisfactory soundness is 
obtained in the sample. 
Degassing is only part of 
the problem, however. Improved 
pouring methods minimize tur- 
bulence and reduce entrapped 
air. Revised mold design and 
improved use of risers produce 
dense, strong castings that are 
pressure tight. Careful control 
of heat treatment results in im- 
proved homogeneity, hardness, 
tensile strength and elongation. 


generally the casting prices are 
lower. 


Replace forgings—The substan- 
tially increased strength offered 
by this material has already re- 
sulted in replacement of forgings. 
More intricate shapes can be 
made, thinner sections can be pro- 
duced, and closer dimensional tol- 
erances can be maintained. Two 
facts of considerable importance 
to aircraft design engineers, who 
frequently work with prototype 
quantities, are that tooling costs 
are substantially lower and deliv- 
ery of initial parts can be made 
much sooner. 


A COMPARISON OF GUARANTEED MINIMUM MECHANICAL PROPERTIES: 








Alloy Form 


Yield | 


| 
| 
| 


Tensile 
Strength, | Strength, | Elongation 
psi | psi | (in), % 





Fed Spec | 356-T6 


Separately cast test bars 


SS, 30,000 | 20,000 3.0 

















QQ-A-601a-3 Avg from castings................. | 22,500 15,000 0.75 
356-T> | Designated areas in castings........ | 38,000 28,000 6.0 
Castings Minimum in other areas in castings..| 33,000 | 27,000 3.0 
Now ——-—— | | |—— 
Available | 356-S> | Designated areas in castings........ | 42,000 | 35,000 | 3.0 
Minimum in other areas in castings..| 36,000 | 32,000 2.0 
aFederal Specification QQ-A-601la-3 requires the following analysis: 
Mg Si Cu Fe Mn Zn Ti Al 


0.20-0.40 6.5-7.5 0.20 max 


0.50 max 


0.30 max 0.30 max 0.20 max Bal 


bFor sections 1 in. or under, and for castings under 30 Ib. 
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Mechanical attachment is used to fasten pole pieces, arms and base of this 
40-lb radar magnet. 








Designing with 





Permanent 








Magnet Materials 











Difficulties in fabricating by R. P. Smith, 
hard, brittle materials of pokey hn ig isa 
the Alnico type can be al- 
leviated by proper design. 
Here are some helpful sug- 
gestions on: 

















1. Designing inserts @ Because of their extreme hard- 
2, Joinin 9 ness (Rockwell C42-58) and brit- 

ie tleness, permanent magnet materi- 
3. Building up surfaces als of the Alnico type present a 
‘a Finishing number of problems in both fab- 





rication and assembly. In general, 
the only type of postforming per- 
mitted with these materials is 
rinding. For this reason magnets 
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must be carefully designed at { 
outset to obtain as many built 
features as possible and to mi 
mize postforming operations. A] 
because of the special nature 
the materials, particular care m1 
be devoted to joining methods. 
Insert design 

For cast magnets—Permaner 
inserts can be embodied in east 
magnets to provide integral drilled 
and tapped holes. The materials 
for these inserts must have a 
higher melting point than the sur- 
rounding metal. Also, in smal] 
magnets it is usually advisable to 
use a nonmagnetic insert, such as 
304 stainless steel, which does not 
affect the magnet’s magnetic char- 
acteristics. Magnet inserts com- 
posed of 303 stainless and cold 
rolled 1040 and 1020 steels are 
generally suitable for larger mag- 
nets since they do not appreciably 
affect magnetic properties. 

For sintered magnets — Perma- 
nent inserts for sintered magnets 
are usually inserted into cored 
holes after the pressing operation 
and before sintering. The inserts 
should be knurled or burred to 
prevent loosening. During sinter- 
ing the magnetic material shrinks 
arcund the insert and holds it 
fast. Consequently, it is advisable 
to use an insert with a coefficent 
of expansion less than, or at least 
equal to, that of Alnico. Cold rolled 
steel has proved quite adequate for 
inserts; however, magnetic con- 
siderations may dictate the use of 
304 stainless. 

Soldering, welding and bonding 

Soldering is usually used for at- 
taching small magnets where it is 
not practical to use cored holes or 
inserts. Despite the large iron 
content of Alnico magnets, solder- 
ing is made difficult by the surface 
formation of aluminum oxide. 

Magnets can be soldered if they 
are properly cleaned and tinned. 
Dip cleaning in an electrolytic 
molten salt bath has proved satis- 
factory. Where this is not feasible, 
sand blasting or thorough washing 
can be used. Parts are usually 
plated after cleaning with a sol- 
derable metal such as cadmium, 
tin, copper or silver. 

Close control during soldering is 















b How magnets are attached 







































A-—Adhesives hold pole pieces to Celas- 
coated horn magnet. 


B—Rivet fastens magnet to washing 
chine part. 


C—Casting pole pieces in place holds 
its to side arms of horn magnet. 


D—Magnetic force holds pole pieces 
flashlight magnet. 


: E—Soldering is used to fasten magnet 
ir- to wave guide. 


F—Injection molding is used to fasten 
magnet ring for clock assembly. 


ot G—Bonding with low melting alloy holds 
r- magnet inside steel casing. 
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” » How magnets are clad 


H—Die cast cladding serves as struc- 





” tural support for meter magnet. 
to I—Die cast cladding also functions as 
r- outer structure for this magnetron magnet. 
4 J—Die cast cladding is used as protec- 
it , , 
" tive sheath for this magnet. 
nt K—Brass sleeving is used around mag- 
st neto magnet. 
Ta | 
- L—Aluminum jacket is crimped over 
.. magnet and tube socket for radar unit. 
of M—Aluminum jacket provides struc- 
tural support for door latch magnet. 
L 
t. 
is 
r 
n 
= 
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> How magnets are coated 
Vy e ° ° 
N—Celastic coating is used on radar 
. magnet for protection and decoration. 
3 O—Dye impregnant is used on this 
e, small magnet for identification. 
g P ‘ , 
by P—Plating is used to protect this magnet 


against corrosion. 


] 

1, Q, R, S, T, U, V—Epoxy coating is 
used on these magnets for decoration, in- 
sulation and corrosion protection. 


























necessary since there is no alloy- 
ing action between the soldering 
material and the basis metal. A 
zinc chloride flux should be ap- 
plied to the magnet after it has 
been heated to about 390 F. Tem- 
perature should then be raised 
high enough to tin the magnet 
with a 50-50 lead-tin solder. The 
magnet and its mating part are 
then placed together until the sol- 
der flows. Since excessive temper- 
atures can affect magnetic prop- 
erties, the magnet should not be 
exposed to temperatures above 
930 F. 

Welding has proved quite satis- 
factory for attaching larger mag- 
nets of 1 lb and over. Good results 
have been obtained by arc welding 
with high nickel alloy and stain- 
less steel rods. To prevent pos- 
sible weld spattering, the magnet 
should be in a demagnetized state 
during welding. Extreme care 
must be exercised in the length of 
time spent at any one weld area, 
since Alnico materials consist of 
large crystals that readily break 
loose if the stresses set up by 
thermal shock become too great. 

Bonding of Alnico materials to 
steel is most frequently accom- 
plished with thermosetting resins. 
Shear strengths of up to 5000 psi 
and tensile strengths of up to 3000 
psi have been obtained; however, 
the techniques required to pro- 
duce values of this order have 
proved too stringent for economic 
production. Most bonds currently 
being produced possess shear and 
tensile strengths of about 2000 psi 
through a temperature range of 
-70 to 180 F. As in soldering, care 
should be taken to prevent over- 
heating during attachment. 


Holes in Cast Magnets 


Removable sand and graphite 
cores can be used to produce 
holes in cast magnets. Sand 
cores are usually used for large 
holes and where fairly large 
tolerances (.014-.045 in., depend- 
ing on hole size) can be toler- 
ated. Graphite cores are usually 
used for smaller holes with 
closer tolerances. 
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Pole pieces are frequently at- 
tached by means of adhesive bond- 
ing. If a smooth over-all appear- 
ance and additional protection are 
desired, the complete assembly can 
then be embedded in an epoxy pot- 
ting compound. 

Building up surfaces 

Surfaces of Alnico-type perma- 
nent magnets can be built up to: 
1) facilitate mechanical and elec- 
trical attachment, 2) protect the 
magnet from damage and corro- 
sion, and 3) provide a smooth sur- 
face. Surfaces can be built up by 
sleeves and enclosures, metal 
spraying or die casting. 

Sleeves, enclosures — Nonmag- 
netic materials such as aluminum, 
brass, copper and stainless steel 
are occasionally used as sleeves to 
enclose a permanent magnet. They 
are frequently used in high speed 
rotors and in applications where 
surface porosity is objectionable. 
Sleeves are usually press fitted 
onto the magnet, and diameters 
are frequently machined to size. 
Wall thicknesses are about 0.032 
in. 

Metal spraying—Metal spraying 
can be used on permanent magnets 
to facilitate direct soldering and to 
build up surfaces so that they can 
be machined to close tolerances. 
Thickness of the coating should be 
kept to a minimum of 0.16 in. to 
prevent tools from hitting the 
magnet surface. 

Despite its apparent benefits, 
metal spraying has not proved too 
profitable for magnet manufac- 
turers because of the degree of 
surface preparation required. Grit 
or sand blasting has failed to re- 
move all scale and rust and, as a 
result, failed to provide the sur- 
face required for good bonding. 
Some success, however, has been 
achieved by using rag wheels and 
hand ragging. 


Die casting — Aluminum and 
magnesium die casting is one of 
the most popular methods of build- 
ing up magnet surfaces to facili- 
tate mechanical and electrical at- 
tachment. The process is especi- 
ally suited for coating parts in 
large quantities at low cost. In 
addition, the coatings are light in 
weight, have good conductivity 
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and mechanical strength, and a 
able to withstand reasonably hi 
temperatures. 

Castings are easily machin 
and provided with holes, and oft 
eliminate the need for mechani: 
strapping when magnets must 
fastened to each other. The su 
faces are normally shiny and 
bright, and are usually sand 
blasted lightly to provide a sati 
finish which can be painted 
necessary. 

In general, die casting around a 
permanent magnet is the same as 
any other die casting process. Fol- 
lowing are a few simple rules that 
should be observed in the design 
stage: 

1. Keep the die simple. 

2. Use uniform wall thicknesses; 
transitions, where required, should 
be smooth and tapered. 

3. Strengthen thin sections with 
ribs. 

4. Keep a minimum wall thick- 
ness of 0.06 in. around inserts. 

5. Use fillets to eliminate sharp 
corners. 

6. Eliminate undercuts to avoid 
die inserts. 

7. Avoid uneven parting lines. 

8. Allow for ejector pin marks. 

9. Allow a minimum draft of 
Yo deg. 

Finishing magnet surfaces 

Alnico surfaces are frequently 
provided with a surface coating to 
prevent rusting and provide a 
better appearance. Surfaces can 
be painted or varnished; plated 
(chromium is frequently used) ; or 
coated with nylon, a plastic body 
solder or Celastic. 

The Celastic coating is especi- 
ally suited for protecting and deco- 
rating magnet surfaces. The coat- 
ing material consists of a soft, 
porous, lightweight fabric sheet 
that is impregnated with a pyro- 
xylin resin. When moistened with 
a solvent the material softens and 
is readily molded. After the sol- 
vent has evaporated, the material 
forms a hard continuous film 
which can be sanded smooth and 
painted or varnished. The mate- 
rial should not be molded around 
sharp corners or projections. 
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Rubbers future use for synthetic rubber. 





Much work is being done to improve synthetic rubbers 

and to develop new types. The engineer who wishes to use 

synthetic rubbers effectively must be sure that his knowledge keeps pace 
with these changes. Here is a helpful, up-to-date summary of the 

ten basic types of synthetic rubber—their properties and theiruses. 


> Styrene-butadiene > Silicone 

>» Butyl > Acrylic 

>» Nitrile >» Hypalon 
> Polysulfide > Urethane 


>» Neoprene > Fluoroelastomers 
















Firestone Tire & Rubber Co. 
Large tires, though presently made of natural rubber, may be an important 
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Introduction 


Since World War II a great deal 
of research has been devoted to de- 
velopment of synthetic rubbers. One 
of the first of the large volume com- 
mercial synthetics, styrene-butadiene 


rubber (SBR), was developed to 
replace the virtually unobtainable 
natural rubber (NR). Most of the 
other synthetic rubbers have been 
developed to provide properties that 
make them suitable for use in specific 
service environments, e.g., oils, chem- 
icals or high temperatures. The pur- 
pose of this manual is to summarize 
the various types of synthetic rub- 
bers available, outlining the property 
ranges obtainable with each. (A pre- 
vious article, MATERIALS & METHODS 
Manual No, 95, July ’53, p 85, out- 
lined considerations in designing and 
fabricating rubber parts, and ex- 
plained how to specify them.) 
Rubber should usually be bought 
te meet predetermined specifications 
and desired properties. As a general 
rule, the user should specify by prop- 
erties as well as by type of rubber. 
The custom fabricator or molder can 






In general SBR rubbers have ex- 
cellent resistance to aging when 
properly compounded. They have 
lower tensile strength than Hevea, 
less resilience or “snap,” and less 
resistance to high temperatures. Be- 
cause of their low cost and ready 
availability, they have been used 
widely. 

Probably their highest volume us- 
age is in tires, where they are used 
almost exclusively in passenger car 
tires and where they are blended 
with natural rubber for light truck 
tires. Natural rubber is still used 
almost exclusively for heavy truck 
tires. 

Styrene-butadiene copolymer rub- 
bers, commonly known as GR-S by 
the old designation, are the “Gen- 
eral Purpose” synthetic rubbers de- 
veloped during World War II to 
replace natural rubber. They are 
used in larger quantities than any 
of the other synthetic rubbers. 
Though the ratio of styrene to buta- 
diene can be varied substantially, the 
most common gum stocks are in a 
ratio of about 76.5 butadiene to 
23.5% styrene. 


Styrene-Butadiene (SBR) 
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then select the type of polymer and 
formulate the compound to provide 
optimum properties at minimum cost. 
However, in many cases, evaluation 
tests are not entirely reliable, and 
precise property specifications can- 
not be established. In these cases it 
may be advisable for the user to spe- 
cify by type of polymer. Also, the 
materials suppliers can provide de- 
signers and engineers with extensive 
data on properties and fabrication to 
aid in the selection of the proper 
type of rubber. 

Each of the synthetic rubbers has 
properties in which it excels. Where 
these particular properties are man- 
datory in design, that type of syn- 
thetic rubber should probably be 
used. Thus, it is essential for the de- 
signer and engineer to keep abreast 
of the types available and, in gen- 
eral terms, what each can do for 
him. 

Most of the tables of properties 
in this article list “typical” prop- 
erty ranges. Since each of the base 
polymers or gums can be compounded 


There are, at present, 45 SBR 
copolymers available in this country. 
They can be divided into six general 
classifications: hot types, cold types, 
cold oil-extended polymers, hot black 
masterbatches, cold black master- 
batches, and cold oil-black master- 
batches. Since the primary purpose 





Classification 


In general, synthetic rubbers 
can be classified under four 
groups: 


1. Non-oil resistant 
Styrene-butadiene 
Butyl 


2. Oil resistant 
Nitrile 
Polysulfide 
Neoprene 


3. High temperature resistant 
Silicone 
Acrylic 
4. Specialty 
Hypalon 
Urethane 
Fluoroelastomers 








with a variety of ingredients, 

as fillers, plasticizers, accelera 
and vulcanizing agents, prope 
can generally be altered over a wick 
range. It would be impossible in this 
manual to include data on all the 
property combinations possible foy 
each of the generic types of synthetic 
rubbers. Hence, the tables give rep- 
resentative data that indictae the 
range of usefulness of each materia], 
The table on page 131 provides a 
general comparison of all the com- 
mercial types of synthetic rubbers. 
The specialty rubbers are not in- 
cluded. 

In the following discussions, some 
terms may be used that are unfa- 
miliar to the designer or engineer 
unaccustomed to working with rub- 
ber. Though attempts have been 
made to clarify these terms, the 
Glossary of Terms Relating to Rub- 
ber and Rubber-Like Materials 
(ASTM Special Technical Publica- 
tion No. 184) published by American 
Society for Testing Materials, will 
be extremely helpful. 








of the last three types is to offer 
advantages to the compounder or 
fabricator, the designer or engineer 
need be concerned only with the first 
three types. 


Hot types (polymerized at 122 F 
or higher) are primarily the original 
SBR rubbers and vary only in the 
type of stabilizer and emulsifier 
used. 

Cold types (polymerized at 41 F) 
generally offer about 30% higher 
physical properties in compounds re- 
inforced with carbon black, and 10 
to 15% higher physicals in other 
compounds. They were developed 
more recently than hot types and, 
according to some suppliers, may re- 
place corresponding hot types in the 
future. 

Cold oil-extended types, in which 
a portion of low molecular weight 
polymer has been replaced with oil, 
generally have physical properties 
equal to or somewhat better than 
those of the hot types. Their primary 
advantage is lower cost. One of the 
problems with oil-extended types has 
been limitations on color due to the 
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GENERAL COMPARISON OF RUBBERS 











Non-Oil Resistant Oil Resistant High Temperature Resistant 
Type » Ee ca —_—__—_——- — - 
Natural SBR Butyl Nitrile Polysulfide | Neoprene Silicone Acrylic 
PHYSICAL PROPERTIES 

ecific Gravity 0.93 0.94 0.91 1.00 1.35 1.25 1.2-2.6 1.09 

nsile Strength, psi 

PureGum.......... 3000 400 3000 600 300 3500 200-450 400 

Reinforced...... 4500 3000 3000 4000 1500 3500 1450 1700 

ar Resistance. . Excellent Poor-fair Good Fair Fair Good Poor-good Fair 
Abrasion Resistance Excellent Good Good Excellent Poor Excellent Poor Good 
Flex Cracking Resistance 

Slow Rate....... Excellent Good Excellent Good Fair Excellent Fair Good 

Fast Rate......... Excellent Poor Excellent Poor Poor Excellent Poor Good 
Compression Set Resistance Good Good Good Very good Poor Good Good Good 
Resilience.......... Very good Fair Variable Fair Poor Very good Good Poor 
Elongation (max), %..... 700 500 700 500 400 500 300 300 
Permeability to Gases. . Fair Fair Very good | Fair-Excellent Good Very good Fair Fair 

EFFECT OF ENVIRONMENTS 

Aging 

ee Poor Poor Excellent Fair Good Excellent Good Excellent 

Oxidation........... Good Good Good Fair Good Good Very good Excellent 

Heat (max temp, F) 300 250 300 300 300 300 600 450 

Static (in storage) Good Good Very good Very good Very good Very good Good Excellent 
Water Resistance. . Good Very good | Very good Very good Good Good Fair Poor 
Alkali Resistance 

Dilute (< 10%).... Good Good Very good Good Good Good Fair Poor 

Concentrated....... Fair Fair Very good Fair Good Good Poor Poor 
Solvent Resistance 

Aliphatic Hydrocarbons Very poor Very poor Poor Good-excellent | Excellent Fair Poor-excellent Good 

Aromatic Hydrocarbons Very poor | Very poor Poor Fair-good Good Poor Very poor- Good 

excellent 

Oxygenated Solvents... Good Good Good Poor Good Fair Poor Poor 

Halogenated Solvents. Very poor | Very poor Poor Very poor Fair Very poor Very poor Very pocr 
Oil Resistance | | 

Low Aniline........ Very poor | Very poor | Very poor | Fair-excellent | Excellent Fair Poor Good 

High Aniline. ..... Very poor | Very poor | Very poor | Fair-excellent | Excellent Good Good Good 
Gasoline Resistance | 

Aromatic. ........ Very poor | Very poor | Very poor |_ Fair-good Excellent Fair Poor-good Poor 

Non-Aromatic.. . Very poor | Very poor | Very poor | Good-excellent | Excellent Good Good Good 
Acid Resistance 

Dilute (<10%)..... Good Good Very good Good Good Fair Fair Fair 

Conc (except nitric & sulfuric) Fair Poor Good Fair Fair Fair Poor Poor 
Cold (min svc temp, F) 65 70 65 65 65 50 180 10 





oil used. Recently developed types 
use oils that permit bright colored 
stocks. 

Each of these three major types 
can be further classified as to its 
content of staining, slightly stain- 
ing or nonstaining stabilizers, the 
selection depending on end-use re- 
quirements. 

Physical properties 

Some rubbers crystallize on stretch- 
ing, others do not. When crystalliz- 
able rubbers are_ stretched, the 
crystallites have a reinforcing effect 
on the rubber, improving its tensile 
properties. Stretching does not have 
a strengthening effect on rubbers 
which do not crystallize. SBR does 
not crystallize; thus, vulcanizates of 
the unreinforced pure gum have 
poor tensile strengths (on the order 
of 300 or 400 psi). Reinforcing SBR 


Air springs, like tires, are 


styrene-butadiene rubber (SBR). 































made with nylon cord fabric impregnated with 


Firestone Tire & Rubber Co. 
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stocks — with carbon black, for ex- 
ample — can raise tensile strength 
to over 3,000 psi. 

Table 1 lists typical property 
ranges obtainable with proper com- 
pounding practice. Table 2 compares 
the reinforcing effects of fine par- 
ticle silica, extra fine precipitated 
calcium silicate, and EPC (Easy 
Processing Channel) carbon black on 
a hot SBR stock. Inorganic fillers 
other than carbon black, such as 
clays, calcium carbonate, whiting, 
calcium silicate and zinc oxide, are 
used in SBR where requirements call 
for light color, low cost, high hard- 
ness and stiffness, or special prop- 
erties such as good dielectric char- 
acteristics. 

Various organic reinforcing mate- 
rials are also used to provide spe- 
cific properties: 

1. Coumarone-indene resins _in- 
crease hardness and modulus, de- 
crease elongation and provide fairly 
good tensile strength. Light colored 
resins produce light colored stocks 
with only slight discoloration and 
staining tendency. 

2. Increasing the styrene content 
in the copolymer results in ease of 
processing as well as increasing ten- 
sile strength, hardness, stiffness and 
flex life. Such copolymers also have 
low moisture absorption and good 
dielectric properties. 

3. Special lignins provide higher 
tensile and tear strengths, a low 
modulus and generally inferior abra- 
sion resistance. 

4. Phenolic resins, which have lim- 
ited compatibility with SBR gums, 
increase hardness and resistance to 
abrasion and heat, but do not in- 
crease strength significantly. 

Since SBR does not crystallize 
when it is stretched, its flex life is 
better when it is flexed at low elon- 
gations than when flexed at higher 
elongations. In comparison, Hevea 
(natural), which crystallizes on 
stretching, has a better flex life when 
flexed at elongations ranging from 
200 to 500% than when flexed at 0 
to 300%. 

Perhaps the most serious weak- 
ness of SBR as compared with 
Hevea is its markedly lower resil- 
ience. The cold types are somewhat 
better than the hot types, but both 
are definitely inferior to Hevea. In 
tire carcasses and other products 
that are flexed rapidly in service, 
the higher heat generation resulting 
from low resilience in SBR is a seri- 
ous handicap. 

SBR is also inferior to Hevea in 
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Properties of SBR Rubbers 


TABLE 1—TYPICAL PROPERTIES 



































‘Cold’ 
Oil Extended 
Type »> ‘Hot’ Rubber | ‘Cold’ Rubber Rubber 
Tensile Strength, psi.......... 1600-3400 3100-4200 3400-3700 
|, ere 300-650 600-700 630-730 
Modulus (300%). . 800-1450 800-1200 700-1050 
TABLE 2—EFFECTS OF TYPE OF FILLER > 
Fine Particle Calcium | EPC 
Filler = Silica Silicate’ | Black 
Tensile Strength, psi............. 2550 2030 3400 
Modulus (300%), psi............. 620 890 1360 
ie ccs os eu eden 620 490 560 
Hardness (Shore A).............. 55 65 61 
Tear Strength, Ib/in.............. 200 160 300 
EE ie aR A 46 45 40 
a eee 100 80 110 
aMeasured on typical hot type SBR. 
bExtra fine precipitated. 
Source: Whitby. 
TABLE 3—EFFECTS OF ELEVATED TEMPERATURE 
Type »> Hevea ‘Hot’ SBR | ‘Cold’ SBR 
Tensile Strength, psi | 
Room Temperature............ 4100 2900 3800 
RS ee 3100 1100 1500 
Elongation, % 
Room Temperature............ 600 600 650 
EE ae 680 480 550 
Resistance to Cut Growths 
Room Temperature............ 1200 200 400 
Eo ae 700 21 30 











aDe Mattia pierced groove test. 
Source: Whitby. 





cut growth resistance. This inferi- 
ority is more pronounced at high 
temperatures than at room temper- 
ature. 


Effect of temperature 

SBR suffers severe losses of 
strength at elevated temperatures. 
Whereas Hevea loses approximately 
25% of its tensile strength when 
temperature is increased from 80 F 
to 200 F, SBR loses about 65%. 
Elongation at break also decreases, 
and SBR’s dynamic modulus is more 
dependent on temperature than that 
of Hevea. Table 3 compares the ef- 
fects of temperature on typical SBR 
stocks and a comparable Hevea stock. 

SBR has fair low temperature 
properties. Typical Gehman Ty val- 
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ues (temperature at which relative 
torsional modulus is 10 — ASTM 
D 1053-54T) range from —5 to -—40 
F, and average ASTM brittle point 
is about —58 F. 


Resistance to fluids 

As one of the non-oil resistant 
rubbers, usually SBR should not be 
used in the presence of oils, sol- 
vents or chemicals. It has poor re- 
sistance to oils, strong oxidizing 
agents, ozone, petroleum, solvents, 
end chlorinated and cyclic hydrocar- 
bons such as carbon tetrachloride, 
chloroform, benzene, toluene and xy- 
lene. Table 4 compares SBR stocks 
and other synthetic rubbers in the 
way they are affected by oils and 
solvents. 
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Biends 
‘BR can be blended with other 
runbers to obtain particular char- 
ac eristics. Because of the relatively 
r natural building tack in SBR it- 
_it is blended with natural rubber 
facilitate build-up in molds for 


auio tires. In addition to processing 


advantages, natural rubber provides 
RR with slightly better tensile 
strength, tear strength and elonga- 
tion at room temperature, and much 
better retention of these properties 
at temperatures of about 200 F. Re- 
sistance to cut growth is also im- 
proved. Blending has little effect on 
modulus, rebound and heat build-up. 

SBR can be blended with nitrile, 
polysulfide or neoprene rubbers to 
provide stocks with greater solvent 
resistance. Other properties of such 
blends are: 

1) Nitrile rubbers increase tensile 
strength, tear resistance and elon- 
gation, but reduce rebound charac- 
teristics. 

2) Polysulfide rubbers improve sol- 
vent resistance, but at a sacrifice of 


TM 


Butyl (IIR) 


Butyl rubbers have outstanding 
impermeability to gases, excellent 
dielectric properties, good resistance 
to tearing after aging and at elevated 
temperatures, and relatively good 
chemical stability. In addition, they 
have excellent resistance to weather, 
sunlight, ozone, corona, and animal 
and vegetable oils. Mechanically, they 
have excellent resistance to tearing, 
flexing, abrasion, cutting and chip- 
ping. 

Butyl, or IIR, previously desig- 
nated GR-I, is produced by copoly- 
merizing isobutylene with small 
proportions of isoprene at a tem- 
perature of about —150 F. Although 
butyl rubber is about 20 years old, 
its availability to designers and en- 
gineers has been limited. The ma- 
jority of butyl has been used in tire 
inner tubes because of the excellent 
air retention characteristics of the 
rubber. Since 1955, when synthetic 
rubber plants were sold back to pri- 
vate industry, and with the advent 
of the tubeless tire, more butyl has 
become available for use in other 
applications. 

In addition to tire tubes, butyl is 
now used for other types of inflat- 
able goods, steam hose, conveyor belts 
for carrying hot materials, dairy 





TABLE 4—EFFECT OF OILS AND SOLVENTS ON RUBBERS 
(% Change in Volume) * 














Styrene- | | | 
Type » Butadiene | Nitrile Neoprene | Butyl | —- Poly- 
(SBR) | (NBR) (CR) =| IR) |_—sulfide 
Kerosene........ 60to150 |  -5to20 10 to 45 100 to 800 | O0to25 
Gasoline......... 75to200 | -5to20 10 to 45 150to400 | Oto2.5 
Benzene.........] 175 to 450 75 to 250 100 to 400 100 to 200 | 7to80 
Acetone. ........ 10 to 30 100 to 300 15 to 50 0 to 10 | 0 to 22 
Ethyl Alcohol... . 0 to 10 | 10 to 16 0 to5 5 to 20 | 3 
Carbon Tetra- | | 
chloride. ...... 175 to 450 | 40 to 150 100 to 200 200 to 500 | 0 to 50 
Lube Oil......... 50t0400 | -3to 40 0 to 150 500 | 0to3 








All values are for volume increase except where minus sign appears. 
Source: Miner, D. F., and Seastone, J. B., Handbook of Engineering Materials, John 


Wiley & Sons, Inc., 1955. 


tensile strength, modulus, rebound 
and tear resistance. 

3) Neoprene causes no appreciable 
change in tensile strength or elonga- 
tion, but lowers modulus. 

Blending butyl with SBR improves 
flex life, but lowers tensile strength, 
elongation, rebound and resistance to 
tearing. 


hose, and automobile parts subject 
to flexing. It is also used for wire 
and cable insulation, and as injection 
molded transformer insulation. The 
latter application looks extremely 
promising with the recent develop- 
ment of an additive that provides the 
butyl with nontracking characteris- 
tics (see MATERIALS & METHODS, Nov 
55, p 149). 
Physical properties 

Typical properties of butyl com- 
pounds are shown in Table 5. 

Butyl rubber, like natural, rein- 


Hard rubber, which is highly vul- 
canized rubber containing large pro- 
portions of combined sulfur, can be 
made from SBR. Chemical, physical 
and electrical properties of SBR 
hard rubbers are of the same order 
of magnitude as those of natural 
hard rubbers. 


forces itself by crystallizing when it 
is stretched. Thus maximum tensile 
values can be obtained by vulcaniz- 
ing an essentially pure gum stock, 
Reinforcement does not significantly 
improve tensile strength, though it 
does increase modulus and resistance 
to tearing. 

The self-reinforcing effect is shown 
in Fig 1, which compares the stress- 
strain curve for butyl with those for 
Hevea and SBR. Curves for butyl 
and Hevea show a sharp rise in slope 
due to crystallization at high exten- 





What to Call Them 


Terminology in the rubber industry is, at present, somewhat un- 
settled. There have been recent attempts to supersede the old, and 
somewhat outmoded, government classifications for rubber, i.e., GR-S, 
GR-A, etc. The American Society for Testing Materials has published 
a Tentative Recommended Practice for Nomenclature for Synthetic 
Elastomers and Latices (ASTM D 1418-56T). For the commercial 
elastomers discussed in this article, the following ASTM designations 


are used: 
SBR 





Styrene-butadiene rubbers (GR-S) 


IIR—Isobutylene-isoprene rubbers (butyl) 
NBR—Acrylonitrile-butadiene rubbers (nitrile) 
CR—Chloroprene rubbers (neoprene) 
NR—Isoprene rubbers (natural) 
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| Elongation 

iy Fig 1—Stress-strain curves for 
Hevea and butyl rubber show sharp 
upward curve due to self-reinforcing 
effect. Styrene-butadiene rubber 
shows no such upward curve because 


it does not crystallize when stretched. 
(Whitby) 
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Fig 2—Effect of a typical filler 
(SRF black) on properties of butyl 
rubber. (Whitby) 








Properties of IIR (butyl) Rubbers 
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Fig 3—Heat resistance is shown 
by retained tear strength. (Whitby) 


TABLE 6—CHEMICAL RESISTANCE—BUTYL VS OTHER RUBBERS: 


TABLE 5—TYPICAL PROPERTIES 





MECHANICAL PROPERTIES = 
Tensile Strength, psi. 
Elongation (min), %. . 


Modulus (400%), psi 


20-Min Cure at 307 F........... 
40-Min Cure at 307 F........... 
80-Min Cure at 307 F. 


ELECTRICAL PROPERTIES» 
Dielectric Strength, v/mil......... 
Dielectric Constant (10 v, 1000 cps) 


i kskitea ae nets ne aoe - 
After 88 Hr in Distilled Water. ..... 
Power Factor (10 v, 1000 cps) 
SSO gt eo 
After 88 Hr in Distilled Water. .. . 


2300-3 
900-7 


400-11 


600-15 
850-2050 


. .600 


A) 
.2.10 


0.04 


. 0.05 





aStock reinforced with 50 parts (per 100 rub- 
Source: Enjay Co., Ine, 
Source: Whitby. 


ber) channel black. 
bPure gum stock. 
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Butyl | Natural] Nitrile 





Butyl | Natural Nitrile | 
Fluid (IIR) | (NR) | (NBR) Fluid (WIR) | (NR) | (NBR) 
+. | +. | 

... Se ie | Ba. Ferric Chioride....... E | P P 
SE ooo 4% wns 505s eS § ey | ee Ss + §& G 
Alcohols | Gasoline... ...... i? E 

aa E E E Glycerine......... a. 4s E 

Isopropyl... . E E E n-Heptane..... P P E 

Amyl...... E E E EE P P E 

Benzyl......... 2 E E Kerosene........ P Pp E 
TT tae . 2 oe G Linseed Oil..... » th E 
ae ios 5 wens e | P P Mineral Oil...... , Te E 
Animal Oils, Fats...... | ? G Naphtha Petroleum P P E 
Benzene... .... y Pe G Nitrobenzene E G P 
Butyl Acetate........... E P G Iso-Octane. . P P E 
Ses: I. P E Ozone........ E P P 
Carbon Disulfide. . .. P | P G =r E E G 
Carbon Tetrachloride. . . eae, Phosphoric Acid. , P P 
Chloroform. ........ ae te) he UR,..........: p p E 
Cottonseed Oil..........). E | P E SE ae E P P 
Se E E E Seyere: SOO... ....... E P P 
Dibutyl Phthalate.......| G G P ME Wevck es aacwe’ P P E 
Diethylene Glycol....... E E E Tri-Cresyl-Phosphate...| E P P 
Diocty! Phthalate........]| G G P Turpentine............ P P E 
Ethyl Acetate........... E G G Vegetable Oils......... E P G 
Ethylene Glycol.........] E ie Xylene.... re P P E 























aRatings are for service in fluid: E = excellent; G — fair to good; P = poor. 


Source: Enjay Co., Inc. 








sion. The curve for SBR shows no 
such rise, because it does not crys- 
tallize on stretching. Though fillers 
are not required for maximum ten- 
Sile strength, they do affect other 
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properties of compounds. Fig 2 shows 
the effect of a typical filler on ten- 
sile, elongation, modulus, hardness 


and tear strength of a butyl stock. 


ENGINEERING 


Butyl is relatively sluggish in the 





temperature range of —30 to 100 F. 
Its mechanical behavior is character- 
ized by high internal friction and 
high damping power, which can be 
particularly advantageous for isolat- 
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ind damping vibration. Proper 
ounding can provide a_ wide 
ranze of resilience without affecting 
the hardness of the stock. 

ar resistance of properly com- 

led and vulcanized butyl stocks 

<cellent, ranging up to 500 Ib 
ney in. and these values are retained 
after extended periods of aging at 
elevated temperatures. For example, 
unaged natural rubber compounds 
have a higher tear resistance than 
unaged butyl compounds. However, 
after two days of aging in air at 
950 F, natural rubber loses nearly 
all of its tear strength, while butyl 
remains the same, or is somewhat 
improved. This retention of tear 
strength after aging is undoubtedly 
related to the over-all resistance of 
butyl to degradation in air or oxygen. 


Effect of temperature 

Like other elastomers, butyl is 
sensitive to changes in temperature. 
Unplasticized butyl compounds im- 
prove in resilience as temperatures 
increase until, at about 200 F, their 
resilience is comparable to that of 
Hevea. Resistance of butyl com- 
pounds to elevated temperatures is 
shown in Fig 3 which compares 
tear strength retention of butyl and 
Hevea after aging. 

Butyl stocks can be compounded 
to have relatively good low tempera- 
ture flexibility. Brittle temperatures 
of —60 to —70 F can be obtained 
by using freeze resistant plasticiz- 
ers, by using coarse-particle pig- 
ments, or by vulcanizing to a high 
degree. 


Resistance to fluids and gases 

Table 6 shows the general chemi- 
cal stability of butyl rubber. It has 
excellent resistance to most acids 
and bases, and to a wide variety 
of inorganic salts, including metal 
salts that are known to accelerate 
oxidative breakdown of Hevea even 
in extremely low concentrations. 

In contact with organic chemicals 
or solvents, butyl rubber behaves in 
a manner typical of hydrocarbon 
rubbers. Butyl swells in the presence 
of hydrocarbon solvents, particularly 
paraffins. Polar liquids, such as alco- 
hols, ketones, esters and_ glycols, 
have little or no solvent action. Some 
alcohols may actually cause a de- 
crease in volume because of extrac- 
tion. 

Butyl is remarkably resistant to 
animal and vegetable oils, exhibiting 
only slight swelling on contact. For 
example, after three months’ immer- 
sion at room temperature, swelling 


























Enjay Co., Ine. 


Automotive applications for butyl rubber (IIR) include rubberized fabric 
for convertible tops, accelerator bellows, dust boots, bushings, grommets and 


window seals. 


of butyl rubber in linseed and soy- 
bean oil is only 10 and 6% by volume, 
respectively. Hevea under the same 
conditions swells 124 and 106% re- 
spectively. 

Halogens attack both vulcanized 
and unvulcanized butyl in the pres- 
ence of light. The reaction produces 
rapid deterioration in molecular 
weight. If a strip of butyl stock is 
suspended in bromine gas, for exam- 
ple, in a matter of minutes the spe- 
cimen becomes fluid enough to drop 
to the bottom of the vessel. 

Reaction of butyl to various gases 
is variable. Hydrogen sulfide causes 
reversion (softening) of butyl stocks; 
carbon dioxide and nitrogen are defi- 
nitely less harmful than air; am- 
monia increases modulus; and sulfur 
dioxide produces initial degradation, 
followed by an equilibrium state dur- 
ing which no further breakdown 
occurs. 

Oxygen absorption rate of butyl 
rubber is very low. Butyl rubber has 
a higher absorption rate than sili- 


Nitrile (NBR) 


Nitrile rubbers’ have extremely 
good oil resistance, implying low 
solubility, low swelling, and good 
tensile strength and abrasion resist- 
ance after immersion in gases and 
oils. All stocks have good resistance 


cone rubber, but a lower rate than 
polysulfide, styrene-butadiene, neo- 
prene, high-styrene SBR, and Hevea. 
The effect of this absorbed oxygen 
on properties of butyl differs from 
that of other rubbers. Butyl invari- 
ably softens when heated in an oxi- 
dative atmosphere, whereas polymers 
such as SBR and nitrile become brit- 
tle (Hevea initially softens and then 
hardens gradually until brittle). 

Although butyl is not completely 
immune to attack by ozone, normal 
vulcanization with sulfur produces re- 
istance far exceeding that of natural 
rubber. Ozone resistance can be fur- 
ther improved by proper compound- 
ing. 
Electrical properties 

Because butyl is a nonpolar, un- 
saturated hydrocarbon, it possesses 
excellent electrical properties (see 
Table 3). In addition to these in- 
herently good properties, butyl’s re- 
sistance to water, ozone, weathering, 
bacteria and fungi make it an ex- 
cellent electrical insulating material. 


to common solvents except acetone, 
benzene and carbon tetrachloride. 
Nitrile rubber, or NBR (previ- 
ously designated GR-A), is a copol- 
ymer of acrylonitrile and butadiene. 
The material, first known as Buna 
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N, was originally developed in Ger- 
many. Properties of the rubber can 
be altered by altering the ratio of 
acrylonitrile to butadiene, and sev- 
eral types wiith different acrylo- 
nitrile and butadiene contents are 
available. In general, as acryloni- 
trile content increases: 1) oil resist- 
ance improves, 2) tensile strength 
increases, 3) processability im- 
proves, 4) resilience drops, result- 
ing in higher compression set, 5) 
low temperature flexibility suffers, 
and 6) hysteresis characteristics de- 
teriorate. Most commercial nitrile 
rubbers contain 20-40% acrylonitrile. 

So-called “cold” nitrile rubbers 
(polymerized at 41 F) are also 
available. Such rubbers have im- 
proved tensile strength and_ in- 
creased solubility in aromatic hy- 
drocarbons, simplifying processing. 

One of the major uses for nitrile 
rubbers is in the form of latex (finely 
divided dispersion in water) ; in this 
form it is used as an adhesive, as a 
modifier for other water-dispersed 
resins, and as an impregnant for 
paper, textiles and leather. 


Physical properties 

Nitrile rubbers do not crystallize 
when stretched; thus reinforcements 
are necessary in order to provide 


B. F. Goodrich Chemical Co. 
Filter leaves, molded of nitrile rubber (NBR), are providing excellent serv- 
ice in a new line of industrial filtration equipment developed by Industrial 
Filter & Pump Co. for handling both corrosive and noncorrosive liquids. 


appreciable tensile strength. These 
rubbers do, however, react spectacu- 
larly to reinforcement with carbon 
black. Table 7 lists typical proper- 
ties of representative nitrile stocks 
compounded for specific types of 
service. 

Stress-strain behavior of nitrile 
rubber is quite similar to that of 
natural rubber at low elongations, 
but at high elongations nitrile rub- 
ber shows greater plastic flow be- 
cause of the noncrystallizable na- 
ture of the polymer. 

Nitrile stocks have only about 353 
to 60% of the resilience of natural 
rubber. The decrease in resilience 
as temperature is lowered is partic- 
ularly noticeable in nitrile rubber. 
For example, in a 60 durometer 
stock, the temperature at which 
25% of applied vibrational energy is 
absorbed is 5 F, as compared with 
—10 F for a comparable natural 
rubber stock. 

The diffusion of various gases 
through nitrile rubber is quite 
different from that through hydro- 
carbon rubbers (see Table 8). The 
polar groups in nitrile rubber reduce 
the solubility of nonpolar gases and 
hence retard their rate of diffusion. 
Highly polar gases are more soluable 
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in and diffuse more rapidly thr: yo) 
nitrile than through hydroca: boy 
rubbers, 


Effect of temperature 
Nitrile rubbers deteriorate 
slightly on mild heating. Resist 
to elevated temperatures is depend. 
ent on compounding. Typical retep. 
tion of properties after elevated 
temperature exposure is shown by 
the following data for an intermedi. 
ate-acrylonitrile content NBR stock. 
Values given are before and after 
accelerated aging for 70 hr at 250 F. 
Before After 


—————— 


Ult Ten Str, psi ....... 2800 2300 
Ult Elong, % 475 215 
Hard. (Shore A) 73 


Nitrile rubbers of relatively low 
acrylonitrile content have good low 
temperature flexibility. There is a 
linear relationship between the sec- 
ond order transition point (the tem- 
perature below which the rubber is 
glass-like) and the acrylonitrile con- 
tent; the higher the content, the 
higher the transition point. Typical 
second order transition temperatures 
may range from —68 to 5 F. 


Resistance to fluids and gases 

In general, nitrile rubbers swell 
more in polar solvents than in non- 
polar. However, swelling in water 
and in antifreeze solutions is low 
enough to permit use of nitrile rub- 
bers in contact with these liquids. 
Oil resistance of stocks used in auto- 
motive cooling systems is particu- 
larly important, since oil is often 
deliberately added to antifreeze solu- 
tions to reduce corrosion. 

Nitrile rubbers are soluble in aro- 
matic hydrocarbons, chlorinated hy- 
drocarbons, ketones, esters and nitro 
compounds. They are insoluble in ali- 
phatic hydrocarbons, hydroxyl com- 
pounds and acids. However, there 
are vast differences among these 
solvents in rate and degree of swell- 
ing, and service tests are the only 
sure way of determining the utility 
of nitrile rubbers for specific appli- 
cations involving contact with solv- 
ents. 

Through proper selection of anti- 
oxidants and proper compounding, 
nitrile stocks that have better resist- 
ance to oxidation than natural rub- 
ber can be produced. Exposure to 
sunlight increases the rate of oxida- 
tion of nitrile rubber, whereas subse- 
quent heating counteracts this effect. 
Additional resistance to sunlight and 
ozone cracking can be obtained by 
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bl nding nitriles with a_ polyvinyl 
ch oride resin. 
Electrical properties 

Jitrile rubber has a relatively low 
-y cific resistance of 3 to 50 x 10” 

n per sq cm. By adding conduc- 

fillers, fairly conductive stocks 
can be developed. Soft stocks con- 
taining acetylene black can have re- 
sistances as low as 100 to 500 ohm 
per cu cm. These stocks are useful 
for dissipating static charges and 
for electric heating units. 
Biends 

Nitrile stocks can be blended with 
various other types of rubbers to 
provide specific characteristics. 

1. Though natural rubber is essen- 
tially incompatible with nitrile rub- 
ber, homogeneous two-phase blends 
can be made. Blending with natural 
rubber or with SBR can provide 
stocks that have either no shrinkage 
at all in hot oil, or definite pre- 
scribed swelling under specific serv- 
ice conditions. 

2. Blending acrylonitrile-styrene 
copolymers with nitrile stocks pro- 
duces tough, leathery materials with 
good tensile properties and resist- 
ance to ozone. Such materials are 
particularly well suited for use as 
exterior covers for wire or cable. 

8. Polysulfide rubbers can _ be 
blended with nitrile to provide higher 
tensile strength than is obtainable 
in pure polysulfide, and better resist- 
ance to solvents than is obtainable 
in pure nitrile rubbers. 

4. Acrylic rubber provides nitrile 
rubbers with higher heat resistance. 

». Polyisobutylene, though ex- 
tremely limited in compatibility, pro- 
vides some improvement in ozone 
resistance at the expense of increased 
dielectric loss and decreased tensile 
strength. 

6. Minor proportions of polyvinyl 
chloride resin increase resistance to 
sunlight, ozone, fire, abrasion and 
tearing. Such blends are used for 
insulation, unsupported upholstery 
fabric, and as a leather substitute. 

A new high strength nitrile rub- 
ber was developed recently. In addi- 
tion to butadiene and acrylonitrile, 
it contains one or more acrylic type 
acids. In comparison with standard 
nitrile rubbers, the new stocks have 
higher tensile strength and modu- 
lus, lower elongation, higher hard- 
ness, improved hot tear and tensile 
strengths, better low temperature 
flexibility, and superior retention of 
physical properties after hot oil and 
hot air aging. 





Properties of NBR (nitrile) Rubbers 


TABLE 7—TYPICAL PROPERTIES OF STOCKS COMPOUNDED 
FOR VARIOUS USES 





Gaso- 
line Heat 
Pure | Fast | Low Hose _ Resis- | 


Type or Use » Gum | Curing | Set Soft Tube tant Tread 








MECHANICAL 

PROPERTIES 
Tensile Strength, 

Re cas 4.6 600 3500 | 2400 500 2200 3800 4200 
Elongation, %... 600 600 | 405 450 400 650 445 
Modulus (300%), 

i cg oi 200 | 1000 | 1700 200 1900 | 1000 2600 
Hardness | 

(Shore A)..... 50 71 | «58 36 69 71 77 
Tear Strength | | | 

(crescent), 

Ib/O.1in...... 7 37 | «618 5 35 39 30 
Compression Set 

(40% const 

defl), %...... g 23 | #7 12 7 10 9 
Rebound 

(Schopper), % 24 13 | 34 54 27 13 14 
Brittle Tempera- 

Se ~66 —40 | —66 | —66 | —58 -13 —66 

CHEMICAL RESIS- | | | | 

TANCE® | | | | 
Hexane........ 45 | 0 | 0 -6.1 0 3.0 15 
Benzene........} 210 135 | 105 ) Hs 86 102 | 127 
Carbon Tetra- | 

chloride. ..... 64 | 37 | 26 | 12 ee: 37 37 
Acetone......... 345 | 225 151 192 145 235 176 
Ethanol (95%). ..} 15 8 | 3 -10 3 8 g 
Distilled Water. . 0 15 | O 0.8 3 1.5 0 
SAE 20-W Oi! 0 0 -1.5 ~§ 0 0.8 0 
Gasoline (X-70)..} 9.2 3.] 1.5 -9.2 3 4.5 4.5 
Kerosene- 





Benzene (95-5) = 2.2, 0! 0,45; 0,0 |-4.5, -17 0,0 1.5, 6 0.8, 12 


aPer cent volume change after 48-hr immersion at room temperature. 
bFigure following comma is per cent volume change after 48-hr immersion at 212 F. 
Source: Whitby. 





TABLE 8—GAS PERMEABILITY—NITRILE VS OTHER ELASTOMERS 





| ashen | 
Oxygen Nitrogen Dioxide Methane | Helium 


Hydro- 
Gas gen 





| 
| 
| 


COMPARED WITH NATURAL RUBBER 

















Natural (NR) 100 | 100 | 100 100 | 100 | 100 
Nitrile (NBR)........... en ae 23 11 38 
Styrene-Butadiene (SBR).| 78 | 72 | 23 9 | 73 16 
Neoprene (CR).......... 26 7 | 4 {| 19 li | — 
COMPARED WITH HYDROGEN 

Natural (NR)............ 100 | 46 17 200 | 56 59 
Nitrile (NBR)........... 100 | 28 77| 200 | 21 76 
Styrene-Butadiene (SBR).| 100 | 43 | 16 | 310 52 57 
Neoprene (CR).......... 100 | 29 | 8.6 1909 | 24 — 








Source: Whitby. 
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Polysulfide 


Polysulfide rubbers have excellent 
resistance to oils, solvents and water, 
and extremely low permeability to 
gases. They also have good aging 
characteristics, exceptional resist- 
ance to ozone, and good electrical 
resistivity. 

Polysulfide rubbers, sold under the 
Thiokol trademark and first intro- 
duced in 1930, are prepared by the 
reaction of a sodium polysulfide with 
an organic dichloride. There are sev- 
eral types available: Type A is the 
simplest chemical type; it has a serv- 
ice temperature range of 10 to 180 F. 
Type FA has improved resistance to 
low temperatures and a less objec- 
tionable odor than Type A; it has 
a service temperature range of —45 
to 250 F. Type ST has a still wider 
range of servicibility: approximately 
-—65 to 300 F. Liquid polysulfide poly- 
mers are also available; these grades, 
LP-2 and LP-3 (see MATERIALS & 
METHODS, May ’55, p 110), are used 
primarily for sealing, caulking and 
flexible patterns. Most of the discus- 
sion here is concerned with the ST 
type. 

Polysulfide rubbers are used in gas 
hose for cars and service stations; 
oil loading hose; printers’ rolls and 
newspaper blankers; paint spray 
hose; cable coverings; and miscel- 
laneous diaphragms and_ gaskets. 


Liquid polymers are used in protec- 
tive coatings, and as adhesives. 

















Properties of Polysulfide Rubbers 


TABLE 9—TYPICAL PROPERTIES: 











Hardness (Shore A) » 50 60 70 80 

ORIGINAL PROPERTIES 

Tensile Strength, psi 675 950 1200 1250 

Elongation, %...... 400 360 320 230 
EFFECT OF HEAT» 

Tensile Strength, psi 525 810 1120 1100 

a er 260 240 230 160 

Hardness (Shore A)............... 50 60 68 80 
EFFECT OF ASTM NO. 1 OIL» 

Tensile Strength, psi... 650 875 1125 1250 

Elongation, %............ 310 280 200 «=| ~ ~=—(200 

Hardness (Shore A)....... 48 57 67 75 

Volume Change, %.......... —2 l l l 
EFFECT OF ASTM NO. 3 OIL» | 

Tensile Strength, psi. . 550 760 1125 1200 

Elongation, %........ 270 280 280 220 

Hardness (Shore A).... 43 50 55 65 

Volume Swell, %.. 5 5 5 5 





aThiokol ST. b70 hr at 212 F. 
Source: Thiokol Chemical Corp. 





Physical properties 

Pure gum vulcanizates of polysul- 
fide rubbers have relatively poor me- 
chanical properties; hence compounds 
generally contain reinforcing pig- 
ments, such as carbon blacks. Type 
ST polysulfide can be compounded 





Thiokol Chemical Corp. 


Packings and gaskets of leather (right) and cork (left) may provide much 
better sealing characteristics and durability when impregnated with polysul- 


fide rubber. 
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to provide hardnesses ranging from 
about 50 to 90 Shore A. Table 9 
lists typical properties of ST stocks 
of varying hardness, compounded for 
specific purposes. High proportions 
of the tensile properties are retained 
after immersion in solvents. In some 
cases stocks may display higher ten- 
sile strengths after immersion than 
other solvent resistant synthetic rub- 
ber stocks which have higher initial 
strengths. 

Good grade black-reinforced stocks 
have abrasion resistance about one- 
half as good as that of good grade 
natural rubber tire tread. Under oil 
exposure conditions, these same 
stocks have better resistance to abra- 
sion than the natural rubber stock. 

Compression set characteristics of 
polysulfide rubbers are only fair. 
Values may range from 35 to 53% 
for properly cured stocks. This range 
can be dropped to about 20 to 30% 
set by heat aging and conditioning. 
Effect of temperature 

Type ST polysulfide rubber does 
not soften materially at elevated 
temperatures. It can be used con- 
tinuously at 212 F, and intermit- 
tently at temperatures up to 300 F. 

Type ST polymers with no plasti- 
cizers have a torsional modulus of 
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TABLE 10—-CHEMICAL RESISTANCE ;, » 


(30-Day Immersion at 80 F) 





















































Solvent Volume Condition Solvent Volume Condition Solvent Volume Condition 
7 Increase,%\ of Stock & Increase, %| of Stock é Increase, %| of Stock 
ALIPHATIC AND AROMATIC HYDROCARBONS. | Sovaloid N.. 2 | OK peociidbenaninnatae | 
— — — Sundex 53... l OK Ethyl Alcohol (denatured) 2 | OK 
Mineral Oll..... He 2 OK Tetrahydrofuran 175 Very tender | Butyl Alcohol........ 2 | OK | 
Benzene............ 110 Tender jp-4 . l OK Isopropyl! Alcohol 0 | OK 
(CC Se: 70 Swollen but Diacetone Alcohol. . 18 | OK 
OK Prestone.... 3 | OK 
Aylene. ....------ +++ 411 OK ORGANIC ACIDS Methyl Alcohol... .. 6 | OK 
A ae er er : sper Ethylene Glycol..... 0 | OK 
' 50% Acetic Acid... . 26 =| OK | 
HAI Searren eres = Glacial Acetic Acid. . 18 OK AYOOING.. - en 
‘Carbon Tetrachloride. .. 46 OK Cresylic Acid. . 123 Tender KETONES AND ETHERS 
Ethylene Dichloride. . . 230 Verytender} = —— mil 
Trichloroethylene...... 159 Tender Acetone. .... ay 37 | OK 
Perchlorethylene. ..... 28 OK ESTERS ee ee pe , ~ 
me reerarae - - ethyl Isobuty! Ketone | 
-Monochlorobenzene. 161 Tender thy heat arena 5 | ok Ethyl “Cellosolve”.. 14 OK 
uty! Acetate. ...... ery tender 
ALIPHATIC AND AROMATIC FUELS, Dibutyl Phthalate... 10 | OK cot “Sorat one 2 ie 
OILS AND SOLVENTS Plasticizer SC... * 6 | OK “— epreenan : 
—_— —hi OK -} Dibuty! Sebacate 2 | OK INORGANIC COMPOUNDS 
a 1 | OK vost cer . le Sulfuric Acid (0%)....] 2 | OK 
ASTM Reference Fuel A 2 | OK Adipol BCA P om | te Sulfuric Acid (20%). . 2 | SI soft 
ASTM Reference Fuel B 10 OK $$ ————_] Sulfuric Acid (50%). . Deter. 2 wks 
100 Octane Gasoline 2 OK Nitric Acid (10%)... .. - Deter. 2 wks 
ASTM Oil No. 1. . -4 | OK Hydrochloric Acid (10%) 3 OK 
ASTM Oil No. 3 2 OK vars. Ate — oe ________} Hydrochloric Acid (50%). 3 =| Tender 
Turpentine... .. 4 OK Linseed Oil........... -2 OK Hydrochloric Acid (100%) — | Deter. 1 day 
Diesel Oil....... 3 OK Cottonseed Oil...... ~2 OK Sodium Hydroxide (20%) 2 OK 
Circosol 2XH... -2 OK Castor Oil........ -3 OK Sodium Chloride (10%)... 3 | OK 
Drip Oil. . 62 Si tender Corn Ofl.......... 4 OK Copper Sulfate (10%). . 5 | OK 
Pydraul F-9 37 OK White Pine Oil........ 14 OK Zinc Chloride (10%). . 2 OK 
Skydrol. . . 24 OK Crude Soya Bean Oil. -4 OK | RO 5 OK 
aThiokol ST. bASTM D 471-54T, Method B. 


Source: Thiokol Chemical Corp. 








Gio. at —60 F (ASTM D 1043-51). 
This temperature can be lowered by 
use of suitable plasticizers. 
Resistance to fluids and gases 

Type ST stocks have good resist- 
ance to a wide range of solvents (see 
Table 10). Shrinkage is negligible 
in low swell solvents. The elastomer 
is practically unaffected by gasoline, 
kerosene, fuel oil and lubricating 
oils. Aromatic-blended fuels, such as 
ASTM Reference Fuel B, swell the 
rubber about 10%. 

Alcohols, glycols, water, aqueous 
solutions of neutral salts, and dilute 
acids have little effect. Dilute non- 
oxidizing acids cause slight soften- 
ing, whereas concentrated acids and 
oxidizing types cause deterioration. 

As can be seen in Table 10, volume 
increases up to 30% have little effect 
on strength and other characteristics 
of ST stocks. Increases of 30 to 70% 
can be tolerated in many cases. Be- 







yond 70% swell, simulated service 
tests should be conducted to deter- 
mine the suitability of the material 
for specific applications. 

Resistance of ST stocks to sun- 
light and ozone is excellent. After 
one and a half year aging in air, 
stocks show a slight increase in hard- 
ness and a decrease in elongation. 
Tensile strength remains constant, 
and there is no tendency to soften or 
become brittle. Practically no change 
in physical properties is detectable 
after 70 hr at 158 F and 300 lb 
oxygen pressure in an oxygen bomb. 

Type ST has low permeability to 
gasoline, aromatic blends, and other 
volatile liquids and solvents (see 
Table 11). 

Blends 

Polysulfide rubbers can be blended 
with nitrile or neoprene rubbers to 
obtain a balance of properties unob- 
tainable with either polymer alone. 


TABLE 11—PERMEABILITY 
(Oz/in./24 hr/sq ft) 











Solvent 

& 75 F 175 F 
a 0.54 |} 1.75 
Diisobutylene........] Negligible | Negligible 
ts cits tania daiea 0.02 0.08 
Methyl Ethyl Ketone. . 0.28 0.65 
Ethyl Acetate........ 0.14 0.55 
Methyl Alcohol. ...... 0.005 0.13 
Carbon Tetrachloride. . 0.042 0.24 





Source: Thiokol Chemical Corp. 





The higher ratios of nitrile or neo- 
prene provide improved stress-strain 
properties, and higher tear strength 
and resistance to compression set 
both before and after heat aging. 
However, these properties are ob- 
tained at some sacrifice in resistance 
to aromatics, aromatic blended fuels, 
ketones and esters. Low temperature 
flexibility also suffers. 
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Properties of CR (neoprene) Rubbers 


TABLE 12—PROPERTIES AND APPLICATIONS 





Significant Property Rating 


Typical Applications 





Oil Resistance........... Good. 
Abrasion Resistance..........| Very good... 


Ozone and Weather Resistance.| Exceptional 
Low Temperature Flexibility...; Fair......... 


Heat Resistance..............| Good........ 


Flame Resistance.............| Good........ 
Compression Set Resistance...) Good........ 





Curb pump hose, work shoe soles, v-belts, 
hose for handling petro!eum products. 
Heavy duty conveyor belts, hose covers, 
footwear 

Electric cable jackets, air hose, gaskets, 
marine parts 

Radome coatings, automotive and aircraft 
parts 

Brake diaphragms, ignition wire covering, 
lamp gaskets, protective clothing 

Mine trailing cables, conveyor belts 

Motor mounts, gaskets, rolls 





Source: E. I. du Pont de Nemours & Co., Inc. 


TABLE 13—TYPICAL PROPERTIES 





BLACK WIRE JACKET STOCK 


Original 
Tensile Strength, psi..........2300 
Elongation, %............... 340 
Stress at 200%, psi...........1575 
Resistivity, ohm-cm....... .9.6 x 10? 
Dielectric Strength, v/mil..... 113 


ASTM No. 2 Oil (18 hr, 250 F) 
Tensile Strength, 


| re 100 
Elongation, % retained......... 77 
Water Absorption 


(7 days, 158 F), mg/sq in...... .54 





190 F APPLIANCE WIRE 
INSULATION STOCK 


Original 
Tensile Strength, psi..... .. .2000 
Elongation, %................ 500 
Modulus (200%), psi......... 700 
Hardness (Shore A).......... 67 


Air (10 days, 250 F) 
Tensile Strength, 





% retained................. 91 
Elongation, % retained......... 60 
Hardness (Shore A)...........82 


Air (60 days, 212 F) 
Tensile Strength, 








aden saccades 80 
Elongation, % retained......... 65 
Hardness (Shore A)...........80 

EXTREME COLD-RESISTANT TUBING 
Tensile Strength, psi............1500 
i 45 hn tne s0,00 670 
Hardness (Shore A)............. 48 
Stress at 300%, psi............. 700 
Solenoid Brittle Point, F.......... -76 

RESILIENT MOUNTING STOCK 
Tensile Strength, psi............3500 
Elongation, %.......... ... 620 
Stress at 400%, psi.... ..1600 
Hardness (Shore A)... nn 
Resilience (Yerzley). . . 8] 
Static Modulus (Yerzley, 

20% def), psi........ 775 
Dynamic Modulus (Yerzley, 
Gee GU BE... 0.65.05. 950 


Heat Build-Up (Goodrich 
flexometer, 20 min, 


¥¢-in. stroke), F....... eee 
Compression Set (Method B, 
le. er 





Source: Whitby. 
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Fig 4—Effect of hardness on resilience and temperature rise for 
neoprene as compared with natural rubber. (Malcolmson) 
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Neoprene (CR) 


Neoprene stocks have good re: st. 
ance to oils, oxidation, aging, «in. 
light, ozone and chemicals. The, 
also have a high degree of resist: ee 
to abrasion, cutting and chipping, «nq 
will not support combustion. Properly 
compounded neoprene _ stocks uae 
serviceable over a temperature range 
of -60 to 250 F. Some compounds 
can be used in intermittent exposure 
at temperatur*s up to 450 F. 

Neoprene is a synthetic rubber-like 
polymer made by polymerizing chlor- 
oprene, or by copolymerizing chloro- 
prene with other monomers. It was 
introduced in 1931. Several types of 
neoprene are available, some for gen- 
eral purpose use and some for very 
special applications. Since the bulk 
of neoprene rubbers used is of the 
general purpose type the discussion 
here is centered around this type. 
Table 12 lists typical applications for 
neoprene, classified by the most im- 
portant property determining the use, 


Physical properties 
Neoprene crystallizes when 
stretched; thus it can have high ten- 
sile strength in pure gum form. Al- 
though gum tensile strengths as high 
as 5200 psi have been recorded, 
average strength of neoprene gum 
stocks ranges between 2500 and 4000 
psi. Properties of several typical 
compounds are shown in Table 13. 
Such properties of neoprene as 
heat build-up and resilience are gen- 
erally superior to those of other 
synthetic rubbers, and only slightly 
inferior to those of natural rubber. 
Fig 4 shows the relationships between 
hardness vs resilience, and hardness 
vs heat build-up for neoprene as 
compared with natural rubber. 
Though compounding with fillers 
raises tensile strength of gum stocks, 
reinforcing materials have an even 
more striking effect in raising resist- 
ance to tear and abrasion. For ex- 
ample, the addition of 30 parts per 
hundred of channel black results in 
tear strength values several times 
those of the gum vulcanizate. 
Neoprene stocks can be com- 
pounded to have low compression set 
characteristics, particularly at ele- 
vated temperatures. For example, 
one stock, conditioned at 30% de- 
flection for 70 hr, has compression 
set characteristics of 18% at 158 F, 
18% at 212 F, and 20% at 250 F. 
Corresponding set of natural rubber 
is 20% at 158 F, 28% at 212 F, and 
38% at 250 F. 
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Effect of temperature 

\-oprene has relatively good heat 

res. tance. Unlike natural rubber, 

fails by becoming soft and 

y, neoprene gradually becomes 

har ‘er on exposure to heat and 

evyeitually fails through embrittle- 

ment. In general, neoprene can be 

ysei continuously at temperatures 

up to about 250 F. In intermittent 

service, compounds have been used at 
temperatures of 350 to 450 F. 

Neoprene has relatively good low 
temperature flexibility. Brittle points 
often range around —40 to —50 F. 
Where stocks are compounded par- 
ticularly for low temperature appli- 
cations, brittle points may be as low 
as —65 or even —95 F. 

Resistance to fiuids and gases 

In contact with oils and solvents, 
neoprene has excellent resistance to: 
1) straight-chain hydrocarbons, even 
when substantial amounts of aro- 
matic constituents are added as in 
some types of aviation gasoline; 2) 
aliphatic hydroxy compounds, such 
as methyl and ethyl alcohols and 
ethylene glycol; 3) animal and vege- 
table fats and oils; and 4) most 
Freon refrigerants. 

Neoprene is unsuitable or has lim- 
ited serviceability when used in con- 
tact with: 1) chlorinated hydrocar- 
bons, such as chloroform and benzy]l- 
chloride; 2) organic esters, such as 
butyl acetate and methy] salicylate; 
3) aromatic hydrocarbons, such as 
toluene and benzene; 4) aromatic hy- 
droxy compounds, such as_ phenol 
and cresol; and 5) some ketones, es- 
pecially mixed ketones such as methyl 
ethyl ketone. 

In contact with other chemicals, 
neoprene has excellent resistance, 
even at elevated temperatures, to: 
1) dilute mineral acids, except strong 
oxidizing acids; 2) alkalis, including 
concentrated sodium and potassium 
hydroxides; and 8) solutions of in- 
organic salts, except those of a 
strong oxidizing salt. 

Neoprene is unsuitable for or pro- 
vides limited service in contact with 
strong oxidizing agents such as nitric 
acid, concentrated sulfuric acid and 
hydrogen peroxide. 

Neoprene has excellent resistance 
to oxygen and ozone. Unlike natural 
rubber, which tends to become soft 
and sticky when oxidized, neoprene 
after prolonged periods of aging in 
oxygen merely hardens at a slow rate. 

For example, in one oxygen test 
it took approximately 40 days’ ex- 
posure in an oxygen bomb at 158 F 
and 300 psi pressure to reduce ten- 


sile strength of a lightly loaded neo- 


prene 
value. 


stock to 50% of original 
Corresponding time for nat- 
ural rubber was only about 20 days. 
Similarly, in an ozone test, neoprene 
was not detectably affected during an 
exposure of 3 hr to an ozone con- 
centration sufficient to rupture nat- 
ural rubber after 3 min. Because of 
this combination of oxygen and ozone 
resistance, as well as its excellent 
resistance to sunlight, neoprene is 
extremely resistant to weathering. 
Electrical properties 

The dielectric properties of neo- 
prene are somewhat inferior to those 
of natural rubber and SBR stocks; 
however, they are sufficient for low 
voltage insulation. Volume resistivi- 


Silicone 


Silicone rubbers are one of the 
most stable groups of rubbers known. 
They are highly resistant to high 
and low temperatures, ozone, oils and 
chemicals. There are six major types 
to choose from: 1) general purpose, 
2) extreme low temperature, 3) ex- 
treme hich temperature, 4) low com- 
pression set, 5) high tensile-high 
tear, and 6) fluid resistant. 

Chemically, silicone rubbers are 
polysiloxanes of various types. The 
four basic types of polysiloxane 
gums that are commercially avail- 
able are dimethyl, methylphenyl, 
methylvinyl and methylphenylvinyl. 
Recently a methyl trifluoropropyl 
polysiloxane gum was developed to 
provide a high degree of resistance 
to fluids and chemicals. Silicone rub- 
ber was covered extensively in two 
recent articles (MATERIALS & METH- 
ops, May ’57, p 140, and June 757, 
p 114). 


ties of about 10” ohm-cm can be ob- 
tained. Dielectric strength of typi- 
cal commercial compounds ranges 
from 150 to 550 v per mil. Conduc- 
tive compositions having resistivi- 
ties as low as 100° ohm-cm can also 
be made, 


Fiame resistance 

Neoprene is one of the few syn- 
thetic rubbers that will not support 
combustion. Organic in nature, neo- 
prene is consumed by fire but will 
burn only in the presence of a sup- 
porting flame because of its high 
chlorine content. This property can 
be of critical importance in specify- 
ing neoprene where propagation of 
flame would be unduly hazardous. 


Physical properties 

Typical properties of some sili- 
cone rubber stocks are shown in 
Table 14. Tensile properties of most 
silicone rubbers are relatively poor, 
ranging from about 600 to 850 psi. 
The high tensile-high tear stock, de- 
veloped fairly recently, provides ten- 
sile strengths on the order of 1100 
to 1700 psi, elongations of 500 to 
700% and tear strengths of 175 to 
250 lb per in. 

Fillers provide improvements in 
mechanical strengths. However, the 
majority of the rubbers, 
with the exception of the vinyl-con- 
taining gum, cannot be reinforced 
carbon black, but 


silicone 


with must use 
silica. 

Standard compression set values 
obtainable with most silicone rubbers 
range around 30 to 50% (22 hr at 


3590 F); however, low compression 


TABLE 14—PROPERTIES OF SOME TYPICAL SILICONE RUBBERS 

















| 
High 
Type »> General Purpose Tensile- | Reversion Fuel 
High Tear | Resistant | Resistant 
Hardness (Shore A)................ 25 +5/40 +5/50 +5/70 +5; 50 +5 60 +5 60 +5 
Tensile Strength, psi............... 700 | 700; 750); 600 1450 800 850 
rd chodsnscendaddcws 450 | 300; 300 75 750 175 225 
Tear Strength, Ib/in............... 30 60 75} 100 200 100 75 
Compression Set (22 hr, 350 F), % 
orig deflection.................. 30 36 | 40-50 | 20-25 50 20 30¢ 
Max Service Temp, F 
I i oa kag ccdebanseaaee 450 | 500; 480); 500 400 500 350 
eee eae” 600 | 600; 600) 600 450 700 450 
Low Temp Flexibility (min temp), F..j/—100 | —85 | —65 | —65| —100 —85 —85 

















a22 hr at 300 F. b20 hr at 350 F. 


c70 hr at 212 F. 
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set stocks provide typical values of 
12 to 20%. 
Effect of temperature 

General purpose silicone rubbers 
withstand service temperatures over 
a range of —65 to 500 F. Extreme 
low temperature stocks have brittle 
points approaching —180 F and are 
quite flexible at —120 to —130 F. 
Physical properties of low tempera- 
ture compounds are about the same 
as those of general purpose stocks, 
with some reduction in oil resist- 
ance. Extreme high temperature 
stocks are serviceable at tempera- 
tures up to 600 F, and withstand 
brief exposures at 700 F. 


Resistance to fluids and gases 
In general, the resistance of sili- 
cone rubbers to certain solvents and 
oils has been relatively poor. The 
fluorine-containing type has been de- 
veloped primarily to overcome this 
shortcoming. Resistance to four com- 
mon solvents is shown below. The 
data represent per cent volume in- 
crease of fluorosilicone rubber after 
seven days’ immersion at 75 F. 


ae 15 
MED 56's die wo eweeees 19 
Ethyl Alcohol ........ 5 
SP OSI Te 181 


More complete data on resistance 
of fluorosilicone rubber to chemicals, 


TABLE 15—TYPICAL PROPERTIES OF 
ACRYLIC RUBBER 











| GMS 
Typical | Spec 
Property Value | Value* 
ORIGINAL 
Tensile Strength, psi....} 1880 | 1000 min 
Elongation, %.......... 270 | 150 min 
Hardness (Shore A)..... 66 | 70+5 
Compression Set 
(Method B), %>..... 30 | 40 max 
EFFECTS OF AGING» 
Air 
Tensile Strength, %..... 0 —10 max 
Elongation, %........ —15 -20 max 
Hardness, pts........ +2 0 to +7 
ASTM 41 Oil 
Tensile Strength,%...} +2 | —10 max 
Elongation, %........ +11 | —25 max 
Hardness, pts........ +4 |—5to +5 
180-Deg Bend........ OK OK 
ASTM #3 Oil 
Tensile Strength,%...| -—6 | —10 max 
Elongation, %........ +15 | —25 max 
Hardness, pts........ —10 | —10to0 
Volume Change, %...} +16 | 0 to +20 
180-Deg Bend........ OK OK 








aGeneral Motors Corp. specification. 
b70 hr at 300 F. 
Source: Gillette. 
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Connecticut Hard Rubber Co. 


Heat resistant parts of silicone rubber shown here include extrusions (up- 
per left), moldings (center) and assemblies. 


fuels and hot fluids are given in 
MATERIALS IN DESIGN ENGINEERING, 
July ’57, p 94. 
Electrical properties 

Electrical properties of silicone 
rubber compounds are comparable 
to those of the best organic rubbers 
in the ordinary temperature range. 
Moreover, silicone rubbers main- 
tain these electrical properties over 
a temperature range of —100 to 


Acrylic 


Acrylic rubbers are primarily 
noted for resistance to high tempera- 
tures (300 to 400 F), and resistance 
to swelling and deterioration in oils 
(particularly sulfur-bearing oils) at 
elevated temperatures. They can be 
made to have excellent flex life. They 
are highly resistant to oxidation at 
normal and elevated temperatures, 
and to sunlight and ozone. They have 
low permeability to hydrogen, helium 
and carbon dioxide. Resistance to 
water, alcohol, acetic acid and other 
oxygenated solvents is very poor. 
Most acrylic rubbers are not recom- 
mended for applications below —10 F. 

Acrylic, or polyacrylate, rubbers 
are based on polymers of butyl or 


500 F or higher. Also, exceptional 
resistance to ozone, corona and 
weathering make the materials well 
suited for electrical insulation. Di- 
electric strength ranges approxi- 
mately from 350 to 500 v per mil, 
volume resistivity from 10” to 10’ 
ohm-cm, dielectric constant from 2.7 
to 5.0, and power factor from 0.0005 


to 0.1. 









ethyl acrylate and were first devel- 
oped in 1944. The elastomer is usu- 
ally made by copolymerizing ethy! 
acrylate with chloroethylvinyl ether. 

A major increase in the use of 
acrylic rubbers has occurred in ap- 
plications such as car transmission 
seals, which require high operating 
temperatures because of the trend 
toward smaller, lighter weight and 
more efficient transmissions. Acrylic 
rubbers are also used in oil hose, 
gaskets and o-rings, where sulfur- 
containing oils and high pressure 
lubricants are encountered. Other 
uses: belting, tank linings, white or 
pastel colored goods, cements, and 
latex coatings for glass fiber cloth. 
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Physical properties 


ypical mechanical property 
ranges obtainable are: tensile 
ty ngths of 500 to 2200 psi, elonga- 


tions of 100 to 400%, and hardness- 


f 40 to 100 Shore A. Compres- 
set (Method B) may range from 
2) to 40 or higher, depending on the 
npound. Table 15 shows properties, 
both original and after aging, of a 
typical acrylic rubber. 

" Resilience of acrylic rubbers is rel- 
atively low and heat build-up rela- 
tively high, limiting applications to 
some extent. 

Acrylic rubbers have excellent re- 
sistance to aging at temperatures of 
300 F and higher. Though they are 
not recommended for use where flex- 
ibility below —10 F is required, 
properly compounded stocks can pass 
the low temperature flex test at 
—30 F. 


Effect of fluids and gases 


Resistance of acrylic rubbers to 
hydrocarbon oils at temperatures of 
300 F and above is excellent. A typi- 
cal compound, after immersion in 
ASTM No. 1 oil at 300 F for 70 hr 
and 200 hr, showed a volume change 
of —2 and —1%, respectively. After 
70 and 200 hr at 300 F in ASTM 
No. 3 oil, the same compound showed 
a volume increase of 8 and 9%, re- 
spectively. The rubber is particularly 
resistant to effects of high pressure 
type lubricants at high temperatures. 

Acrylic rubbers are not recom- 
mended for use in water, steam or 
water soluble liquids such as meth- 
anol or ethylene glycol. They decom- 
pose in alkaline media and are 
swelled by acid solutions. 

Acrylic rubber has unsurpassed re- 


sistance to discoloration in sunlight. 


Exposure in an Atlas Fade-O-Meter 
for 100 hr has little or no effect on 
these stocks, whereas such exposure 
discolors conventional rubbers. 
Electrical properties 

Acrylic rubbers have fair dielectric 
properties, which improve on expos- 
ure to elevated temperatures. This 
characteristic, coupled with excellent 
ozone resistance, makes the rubber 
suitable for special purpose wire in- 
sulation. In comparison with vinyl 
insulation, acrylic rubbers after ag- 
ing several days at 300 F have supe- 
rior dielectric strength. After aging 
four weeks, the acrylic loses only 5 
to 6% of original weight and shows 
no indication of shrinkage or brit- 
tleness; the plasticized vinyl loses 
42% of its weight, shrinks consider- 
ably and becomes very brittle. 


Hypalon (chlorosulfonated polyethylene) 


Hypalon has extremely good re- 
sistance to oxidation, whether caused 
by sunlight and weather, chemicals, 
high temperatures or ozone concen- 
trations. The elastomer also has good 
mechanical properties and unlimited 
colorability. 

Introduced in 1952 and trademarked 
Hypalon, the elastomer is a chloro- 
sulfonated polyethylene in which 
there is about 29% chlorine and 
1.25% sulfur. The material can be 
used as a stock in itself, or it can be 
used to blend with other types of 
elastomers. It also provides many 
benefits as a coating material (see 
MATERIALS & METHODS, Jan 757, p 
96). 

Physical properties 

Tensile strength of Hypalon ranges 
from 500 to 2800 psi, depending on 
the formulation. Hardness ranges 
from 55 to 95 Shore A. Table 16 
lists typical properties obtainable. 
Although resilience of Hypalon is 
generally lower than that of natural 
rubber and most synthetics at room 
temperature, it is equal to or better 
than that of other elastomers at 
212 F. The relatively high compres- 
sion set can be lowered by proper 
formulation, and flex life and abra- 
sion resistance are very good. The 
material will not support combustion 
when properly cured. 

Effect of temperature 
Most formulations can be used con- 





tinuously at temperatures up to 250 
F, and for intermittent service at 
350 F. 

Hypalon will not become brittle 
at temperatures of -65 to -80 F, 
though it will stiffen at tempera- 
tures below 0 F unless specifically 
compounded for low temperature re- 
sistance, 

Resistance to fluids and gases 

Hypalon is unaffected by ozone. 
Specimens stretched to 25% elonga- 
tion have been exposed to ozone con- 
centrations up to 10,000 ppm at tem- 
peratures up to 160 F for 72 hr 
with no ill effect. Also, specimens ex- 
posed in both laboratory and outdoor 
weathering tests for 30 months show 
negligible effects on both properties 
and appearance. 

Hypalon also has good resistance 
to chemicals, particularly strong ox- 
idizing chemicals (see Table 17). 
The material also has relatively good 
resistance to oils and grease. It is 
not recommended for use in contin- 
uous contact with either aromatic or 
chlorinated hydrocarbons. 
Electrical properties 

Hypalon has a dielectric strength 
ranging from 400 to 750 v per mil, 
resistivity of 1 x 10'* ohm-cm, dielec- 
tric constant at 1000 cps of 5 to 7, 


and a power factor at 1000 cps of 2 


2] 


to 3% e 





Acushnet Process Co. 


Pump liner made of Hypalon is 
used in a Vanton pump to handle 
fuming nitric acid. 


Biends 

Hypalon can be blended with vari- 
ous other rubbers to provide a range 
of properties. 

1. In blends with natural rubber, 
Hypalon improves resistance to 
ozone and weathering. 

2. Hypalon can be used to im- 
prove further the inherently good 
ozone resistance of butyl rubber, as 
well as its modulus, and resistance 
to heat and abrasion. 
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Properties of Hypalon Rubber 


TABLE 16—TYPICAL PROPERTIES 





Tensile Strength, psi 
Elongation, % 
Modulus at 100%, psi 
Hardness (Shore A) 


Brittle Temperature, F...... 
Ozone Resistance........ 

Oil Resistance......... 
45-95 | Heat Resistance. ..... 
Compression Set (Method B), %. 20-60 | Chemical Resistance . . 
Resilience (Yerzley, rmtemp),%. 55-70 
Resilience (Yerzley, 212 F),%.... 85-90 | Weather Resistance 


.—40 to —80 
Complete 
.....Fair to good 
...sess.WOry good 
...Very good in 
oxidizing chemicals 
Excellent 


Properties of 
Urethane Rubbers 


TABLE i18—TYPICAL PROPERTIE 





Type »> Vulkollan® | Vulkoll 
18 30 


MECHANICAL PROPERTIES 


Ten str, psi. ... 75500-7000 | 4500-5¢ 
Elongation, % 600-800 | 450-5 
Modulus, psi 

100%........} 475-550 | 1200-14 


300% ........] 1200-1500 | 2700-3009 





Abrasion & Flex Resistance... .Outstanding | Color Retention Very good 


Elong Set, %.. 3-10 35-45 
Tear Str, Ib/in...| 450-525 | 550-700 





Source: E. I. du Pont de Nemours & Co., Inc. 





TABLE 17—CHEMICAL RESISTANCE: 














Little or no effect 
Ammonia (liq anhyd) 
Chlorine Dioxide 

(14%, 150 F) 
Chromium Plating Soln 
(158 F) 
Chromic Acid (50%, 200 F) 
Chromic Acid (conc) 
Cottonseed Oil 
Diethyl Sebacate 
Dimethyl! Ether 
Ethylene Glycol (158 F) 
Ferric Chloride 
(15%, 200 F) 
Ferric Chloride (sat.) 
Formaldehyde (37%) 
Freon-12 
Hydrochloric Acid 
(37%, 122 F) 


Hydrochloric Acid 
(48%, 158 F) 
Hydrogen Peroxide 
(50%, 212 F) 
Hydrogen Peroxide (88.5%) 
Methyl! Alcohol 
Mineral Oil 
Motor Oil (SAE 10) 
Nitric Acid (to 20%, 158 F) 
Nitric Acid (70%) 
Phosphoric Acid 
(85%, 200 F) 
Pickling Solution 
(20 HNO;-4% HF, 158 F) 
Potassium Hydroxide 
(conc) 
Sodium Dichromate (20%) 








Moderate effect 

Acetic Acid (glacial) 
Acetone 

Aniline 

Chlorine (liq) 
Cottonseed Oil (158 F) 


Diethyl Ether 
Hydrochloric Acid 
(37%, 158 F) 
Mineral Oil (212 F) 
Motor Oil (SAE 10, 158 F) 








Severe effect 

Acetic Acid (glacial, 158 F) 
Carbon Tetrachloride 
Citrus Oils 

Dichlorobutane 
Formaldehyde (37%, 158 F) 


Gasoline 

Hydrochloric Acid (37%) 
Jet Engine Fuel (JP-4) 
Nitric Acid (30%, 158 F) 
Nitric Acid (fuming) 


Sodium Hydroxide 

(20%, 200 F) 
Sodium Hydroxide 

(50%, 158 F) 
Sodium Hypochlorite 

(20%, 200 F) 
Stannous Chloride 

(15%, 200 F) 
Sulfur Dioxide (liq) 
Sulfuric Acid 

(to 50%, 200 F) 
Sulfuric Acid 

(to 80%, 158 F) 
Sulfuric Acid (to 95.5%) 
Tetrabutyl Titanate 
Tributyl Phosphate 
Water (200 F) 


Nitric Acid (70%, 122 F) 
Sulfuric Acid 

(95.5%, 122 F) 
Turbo Oil No. 15 


Nitrobenzene 
Perchlorethylene 

Turbo Oil No. 15 (350 F) 
Xylene 





Hard. (Shore A) 78-83 93-96 
Elasticity, %... 50-60 45-50 


ELECTRICAL PROPERTIES 








Breakdown Volt- 
age, v/mil>...} 450 
Sur. Resist. 
(24 hr in 
H.0), ohm....} 5x 10° | 
Vol Resist., ohm.} 2x10" | 
Vol Resist. (4 
days, 80% RH)} 5.6 x 109 | 
Vol Resist. 
5x 1ge | 
Dielec Const 
800 Cycles... 7.6 

10® Cycles... 7.1 
Loss Factor 
800 Cycles....} 0.016 

106 Cycles....} 0.058 


THERMAL PROPERTIES 


Ther Cond Btu/ 
hr/sqft/°F/in. 1.6 | =. 1.6 
Coef of Ther Exp, 
he r= 








ll1x10* | 96x 10° 


aRegistered trademark of Farbenfabri- 
ken Bayer. 

bSample 80 mil thick. 

Source: Mobay Chemical Co. 





TABLE 19—SOLVENT RESISTANCE 
(% Swelling at Room Temperature) 





Vulkol- | Vulkol- 
lan | fan 
18 30 





0.5 
1.5 


aRoom temperature except where noted. 














3. In nitrile rubber, Hypalon pro- 
vides a combination of oil and ozone 
resistance, as well as good low tem- 
perature properties, without the use 
of plasticizers. 

4. In SBR stocks, Hypalon im- 
proves ozone resistance. 

5. The relatively good ozone re- 
sistance of neoprene can be further 
improved by blending with Hypalon. 


Such blends also have better heat 
resistance than neoprene alone, and 
lower compression set than Hypalon 
alone. Brittleness temperature is 
lowered to some extent, hardness and 
modulus are increased, elongation is 
decreased, and compression set is in- 
creased sharply. Oil resistance of 
such blends is not quite as good as 
that of neoprene alone. 
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Carbon Tetrachloride. . . 
Benzene 

Ethyl Acetate 

Nitro Benzene 
Methylene Chloride... 
Acids, Alkalis 





310 165 
b | 


b 





almmersed until eonstant volume was 


reached. 
bDestroyed. 


Source: Mobay Chemical Co. 
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Urethane 


rethane rubbers are character- 
ad by extremely good tensile 
st ength, tear strength, hardness and 

asion resistance. 

everal elastomers can be pro- 

ed by the condensation reaction 
bh: tween polyesters and diisocyanates. 
Germany and Great Britain were 
among the first countries to do sub- 
stantial development work. The Brit- 
ish type, called Vulcaprene, has 
found application primarily as coat- 
ings and impregnants. The bulk of 
commercial work in this country has 
centered around the German type, 
trademarked Vulkollan. Most of the 
discussion here will concern this type. 

The high degree of hardness of 
urethane rubbers, coupled with their 
good elasticity, has indicated their 
potential in applications such as 
shock absorption pads for heavy ma- 
chinery, bumpers on earth moving 
equipment, shock absorber rings for 
cars, and typewriter damping pads. 
The excellent abrasion resistance, 
tear strength and moderately high 
coefficient of friction would seem to 
make urethanes applicable for such 
things as solid industrial tires, fric- 
tion wheels and drives and drive 
belts. 
Physical properties 

Urethane rubbers are character- 
ized by what may be the highest 
gum tensile and tear strengths and 
resistance to abrasion of any of the 
synthetic rubbers. Tensile strength 
and elongation range from 4000 to 
7000 psi and 450 to 800%, respec- 
tively, depending on the type. Table 
18 lists typical properties of two 
commercial types. Tensile modulus 
values are lower for the softer mate- 
rials than for the harder types, and 
elongation set (residual elongation 
after release of tensile stress) in- 
creases as hardness increases. 

Tear strength increases from about 
280-320 lb per in. for the softer 
grades to a high of 550-700 Ib per 
in. for the hardest grades. Abrasion 
resistance also increases in this or- 
der. Though test values differ greatly 
with the test method, in actual use 
the 78-83 durometer stock is gen- 
erally said to give three to ten times 
the wear of natural or other syn- 
thetic rubbers. Rebound elasticity of 
all types is good, ranging from 45 
to 60%. 
Effect of temperature 

Urethane elastomers can be used 
in dry air continuously at 175 F, for 

























Mobay Chemical Co 


Coupling for ship propeller is cast in one piece of urethane rubber. 


some days at 212-230 F, for several 
hours at 265 F, and for some min- 
utes at 300 F. One stock has been 
used for 100 hr in oil at 266 F with 
no sign of deterioration. Continuous 
use in contact with hot water or 
steam is not recommended. The 
higher the hardness of the stock, the 
better the retention of properties at 
elevated temperatures. 

As temperatures are lowered, ure- 
thane elastomers stiffen gradually 
until at about —4 to —22 F stiffen- 
ing becomes much more pronounced. 
The materials become brittle at 
about —90 F. If the elastomer is 
stretched and maintained in the 
elongated state at low temperatures, 
it may show a 100% elongation set, 
but the material will recover its orig- 
inal dimensions upon being heated 
to 122 F. 

Resistance to fluids and gases 

In general, solvent resistance of 
urethane elastomers is quite good 
(see Table 19). Very little swelling 
is produced by contact with aliphatic 
solvents, alcohol, ether and water. 
Aromatic hydrocarbons cause moder- 
ate swelling, and certain solvents, 
such as nitrobenzene and methylene 


Fluoroelastomers 


The important characteristics of 
fluorcelastomers are their resistance 
to chemicals and other deteriorating 
fluids and to extremes of tempera- 
tures. Mechanical properties, in gen- 
eral, are comparable to those of 
other synthetic rubbers. 
Fluorine-containing elastomers are 


chloride, cause severe swelling. The 
rubber can be dissolved in dimethyl- 
formamide containing a trace of 
dibutylamine. . 
Resistance to dilute acids and alka- 
lis for short periods of time is good, 
but prolonged exposure results in 
destruction of the elastomer. Simi- 
larly, hot water and steam eventu- 
ally weaken or destroy the material. 
The resistance of urethane elas- 
tomers to ozone and oxygen is excel- 
lent, since the elastomer is prepared 
from materials containing no olefinic 
unsaturation. Some discoloration may 
occur due to oxidation, but there is 
no accompanying sign of changes in 
crosslinking or molecular weight, and 
properties are not affected. 


Electrical properties 

Typical electrical properties of 
urethane elastomers are shown in 
Table 18. Dielectric characteristics 
are slightly better in the harder 
types. Dielectric constant ranges 
from 6.7 to 7.6 at 800 cps, and loss 
factor ranges from 0.016 to 0.017. 
Volume and surface resistivity are 
in the range of 10° to 10” ohm-cm; 
surface resistivity is reduced to 10°- 
10° after 24-hr immersion in water. 


the newest family of rubbers, There 
are at present five general types (in- 
cluding the fluoro-silicone rubber 
discussed under silicone rubbers) in 
different stages of availatility. The 
bulk of currently available property 
data was published in MATERIALS IN 
DESIGN ENGINEERING, July ’57, p 90. 
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The discussion here is limited to a 
general summary of each of the 
types. Table 20 lists typical physical 
properties of the four fluoroelasto- 
mers discussed here. 

Kel-F Elastomer 

Kel-F Elastomer is a copolymer 
of chlorotrifluoroethylene and vinyli- 
dene fluoride and is commercially 
available. The material seems suita- 
ble for applications in the -60 to 
400 F temperature range, especially 
in contact with fuels. It is practic- 
ally the only elastomer suitable for 
prolonged use with red fuming nitric 
acid. 

There are two grades of Kel-F 
Elastomer: grade 3700, which is a 
general purpose grade; and grade 
5500, which is particularly recom- 
mended for exposure to strong oxi- 
dants, such as red and white fuming 
nitric acids. 

The elastomers have tensile 
strengths of 1600 to 3500 psi, elonga- 
tions of 300 to 600%, and tear 
strengths of 150 to 400 lb per in. 
Modulus, hardness and tear strength 
can be improved by use of fillers 
such as silica or carbon black. 

Properly compounded stocks retain 
physical properties after prolonged 
aging at 400 F. However, properties 
of heat aged materials, when meas- 
ured at aging temperature, are sub- 
stantially lower than original values. 

Low temperature characteristics, 
as shown by the low temperature re- 
traction curves in Fig 5, are rela- 
tively poor compared with those for 
other fluoroelastomers and Paracril 
18-80 (nitrile rubber used for low 
temperature aircraft fuel and hy- 
draulic systems). 

Kel-F Elastomers resist attack by 
strong oxidizing acids, mineral acids, 
peroxides, alkalis, alcohols, aliphatic 
solvents, some chlorinated solvents, 
hydraulic fluids, silicone oils and 
sulfur - bearing, extreme pressure 
lubricants, Immersed in red fuming 
nitric acid, the elastomer reaches an 
equilibrium volume swell of 20 to 
30% in one week; extensibility 
and hardness remain virtually un- 
changed, though tensile strength de- 
creases. General chemical resistance 
of Kel-F elastomer is shown in Table 
21. 


Fluoro-Rubber 1F4 and 2F4 
These elastomers are perfluoro- 
butyl acrylate rubbers. Type 1F4 is 
a specificati.n material and retains 
useful properties from 9 to 450 F 
when exposed to diester type engine 
lubricants, Type 2F4, available only 
in limited quantities, is similar in 
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Properties of Fluoroelastomers 


TABLE 20—TYPICAL PROPERTIES 





Type »> 


Fluoro 


Fluoro-Rubber 
Viton A | Polyests 


1F4 2F4 





Tensile Strength, psi 
ae 
ae 
Pee 
Serre 
ae ' 

Elongation, % 

_, See 


Stress at 100%, psi 500 
Modulus (100%), psi......... — 
Hardness (Shore A) a 55 
Tear Strength, Ib/in...........) 120 
Resilience (Bayshore), %......) — 
Compression Set (Method B). 45a 
Gehman Stiffness (To), F.... 23 
LS 
Volume Resistivity, ohm-cm. 
Power Factor, % 

Dielectric Strength, v/mil..... 613 





1.13 x 104 





1250 | | 
600 | 
470 - | 
— | | 450 | 

| - 220 /|1400-1600 


2375 |2000-220 
— | —_ 


| 
| 


350 | 110-150 
oe 
60 | 130-175 
|= 
66 | 75-80 
in | — | — | — |] = 











238 
0 





21 x 1044 | 





a70 hr at 158 F. b70 hr at 250 F. 


cAged 168 hr at 400 F in air. 





@ 
oO 





o 
oO 


Retraction, % 


py 
oO 


3 











Fig 5—Low temperature behavior—Low 


-20 


Temperoture, F 


temperature retraction 


curves (ASTM D 1329-54T) compare low temperature characteristics 
of the fluoroelastomers, including the fluoro-silicone. A comparative curve 
is given for unplasticized Paracril 18-80 (a nitrile) presently being speci- 
fied by the Air Force for low temperature uses in fuel and hydraulic 


systems. (Griffin) 





properties to 1F4 except that it has 
a low temperature limit of -35 F, 
rather than 9 F. 

Mechanical properties of the elas- 
tomers are shown in Table 20. The 
elastomers are intended for continu- 
ous service at temperatures up to 
400 and 450 F, and intermittent use 
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at higher temperatures. Low temper- 
ature retraction curves are shown in 
Fig 5. 

These elastomers have good resist- 
ance to a variety of fluids, including 
jet fuels and other petroleum prod- 
ucts, silicate esters, and many sol- 
vents. Of particular value is thei! 
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ABLE 21—CHEMICAL RESISTANCE 
OF KEL-F ELASTOMER: 














Time (days), Vol 
Fluid Temp (F) | Swell, % 
+ 
ACiDS 
ming Sulfuric 27, 77 ] 
ydrochloric | 27,77 16 
ydrofluoric (wet) | 32, 65 15, 12¢ 
hosphoric (85%) 27, 77 l 
Red Fuming Nitric 27, 77 24 
SOLVENTS 
Aniline | 27,77 5, 13¢ 
Carbon Tetrachloride 27, 77 33, 16¢ 
Syclohexanone | 1, 77 700 
Ethyl Alcohol | 27,77 6 
Ethylene Dibromide 15, 77 5 
Ethylene Glycol 27, 77 1 
Furfuryl Alcohol 27, 77 4 
Petroleum Ether | 27,77 13 
Toluene | 27,77 55 
Trichloroethylene | 27, 77 53 
Turpentine | 27, 77 l 
FUELS, LUBRICANTS | 
ASTM Oil No. 1 | 27, 77 0 
ASTM Oil No. 2 27, 77 l 
ASTM Oil No. 3 27, 77 ] 
Esso Turbo Oil 15 27, 77 600 
70/30 Iso-Octane/ | 
Toluene 27, 77 30, 16> 
JP-3 27, 77 5 
MLO 8200 20, 300 8, 2> 
OS-45 (hydraulic) | 14, 300 25 
Silicone DC-200 7, 300 ]> 
Skydrol W-46 | 14 300 70 
Sour Crude 7, 300 10> 
Swan Finch 
GM-4655M 3, 300 10> 
Test Oil WA-389 3, 300 Hb 
Texamatic 1505 27, 77 l 
UCON 50 HB-100 14, 300 19 
OTHER REAGENTS 
Bleach Solution 27, 77 0.5 
Chlorine Gas (1 atm) 7, 77 2 
Freon 113 1, 77 180 





aASTM D-471, Method B. 

bResults were obtained on grade 3700; all 
others on 5500. 

‘Results were obtained with polyamine cure; 
all others with peroxide. 





TABLE 22——-FLUID RESISTANCE OF FLUORO-RUBBER 





Change in Properties 


























Fluid | Time, Temp, Ten Str, Elong, | Hardness, | Vol, 
s | hr | F % % ps | &% 
ACIDS 
Hydrochloric (10%).........| 70 212 l 4} +15 +11 
| 70 212 57 +24 -8 +35 
Sulfuric (10%)............. 70 212 0 -65 +26 0 
White Fuming Nitric (90%). . 3 77 60 12 30 +74 
- 250 77 77 +26 50 +35 
1000 77 -15 +310 -54 +27 
HYDRAULIC FLUIDS, OILS 
Calif. Research Oil 52742... 100 212 -14 -34 +10 | 0 
oth — 300 46 ~46 +15 | +3 
Cellulube 300.............. 100 350 - 7, - 5%) -58, 09/+15,-5* _ 
ale a taeae — 400 -17, -31*| -62, -24*/+20, 0* _ 
Cities Service A............ 100 300 -22 -55 +20 0 
Aiatewees _ 350 -59 -86 +25 -2 
ees hexntuiis 775 350 b b +48 -9 
| 168 158 40 -45 -§ +10 
rrr re | 500 350 #+-19,+20*) -66, -17%+25,+13") 0,+6* 
MIL-O-5606................} 500 350 +11, -51*| -72, -57%+27,+18%| 0, 6* 
iigieaananen ats — | 400 — — |+43,+-36* 3 
a ee | 100 | 350 -32 -37 | +13 _ 
errr eT er rere | 24 500 -82 0 | +410 — 
Pyranol Transformer Oil.....; 1000 212 -20 45 - 5 + 5 
sates | 100 | 300 -30 40 +5 + 3 
aes 1 % | 455 10 -30 -§ 
eee | 70 250 - 5 ~45 + § 0 
re 100. | = 212 -35 -45 -15 +25 
Socony-Vacuum WA-389..... / 20 | 300 -10 -50 +15 0 
Swan-Finch GM-4655-M..... | 70 300 -10 -65 +15 5 
Versilube F-50............. | 100 | 350 46 -53 +26 — 
ube Vicesicd — | 400 -73 -80 +30 _ 
pacniekse Ds | 24 | 500 -17 -93 +38 — 

















aTempered vulcanizate. 


bToo brittle to measure. 


TABLE 23——FLUID RESISTANCE OF FLUORO-POLYESTER RUBBER * 




















70/30 | Diester | Hydro- 

Fluid =» Jet Iso- dil | chloric | Somum 

Fuel Octane/ (Plexol Acid (10%) 
Toluene 201) (10%) . 
Tensile Strength, psi.............. 2950 2217 1888 2700 1756 
Elongation at Break, %............. 325 475 425 500 500 

SN TINS ok oeésvesscdexces: 1-2 1-2 1-2 1-2 1-2 

Modulus at 300% Elongation, psi..... 2565 750 — 750 574 
Hardness (Shore A)................ 69-72 | 57-62 54-58 57-62 54-59 








0168-hr immersion at room temperature; 0.025-in. 


vulcanizates. 


dumbbell specimens of variously compounded 





resistance to synthetic diester lubri- 
cants. Effects of various acids, hy- 
draulic fluids and oils are shown in 
Table 22. 

The elastomers are essentially im- 
mune to ozone attack. Strips bent in 
a 180-deg are or extended 25% show 
no signs of cracking or other damage 





after one week exposure to circulat- 
ing air containing 350 ppm of ozone 
at room temperature. 
Viton A 

This elastomer is a copolymer of 
vinylidene fluoride and perfluoropro- 
pylene, and is available in limited 
experimental quantities. It has out- 






standing high temperature fluid re- 
sistance, with a possible —65 to 600 F 
service temperature range. 
Mechanical properties are shown 
in Table 20. Tensile strength and 
elongation drop progressively as 
temperature increases, but there is 
little further reduction in properties 
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Minnesota Mining and Mfg. Co. 


Variety of parts that can be molded in the fluoroelastomers is indicated by 
these shapes formed in Fluoro-Rubber 1F4. 


Stokes Molded Products, 
Div. Electric Storage Battery Co. 


Hard rubber is made from natural 
or synthetic rubber and sulfur. Other 
ingredients can be added to provide 
specific properties. Shown here (top 
to bottom) are an impact rubber 
golf bag bottom, a shock absorbent 
handle, and a nonconductive hard 
rubber-covered screwdriver. 


at temperatures above 400 F. 

The material has good resistance 
to compression set and deformation 
at high temperatures. Typical com- 
pression set values (Method A, 400 
psi) are 15 to 23%. By Method B, 
vulcanizates show 25% set at 250 F 
and 45% set at 350 F. The low tem- 
perature retraction curve for Viten 
A is shown in Fig 5. 

In general, Viton A is more resist- 
ant to more fluids than any known 
elastomer, It is resistant to aromatic 
and aliphatic hydrocarbons, aromatic 
amines, chlorinated hydrocarbons, 
dilute and concentrated mineral 
acids and alkalis, petroleum hydro- 
carbons and water. In general, high- 
ly polar materials cause the most 
swelling, Swelling in the nonflamma- 


ble hydraulic fluids is excessive. 
Some high swelling and low swelling 
fluids are listed below: 


Low Swell Fluids (<25%) 


ASTM No. 3 Oil—350 F 
ASTM Reference Fuel B—75 F 
J P-4—400 F 

Nitric Acid (90%)—T77 F 
Oronite 8515—400 F 

OS-45-1 Oil—400 F 

Turbo Oil No, 15—400 F 


High Swell Fluids (>100%) 


Ethyl Acetate—75 F 
Glacial Acetic Acid—75 F 
Propyl Nitrate—75 F 
Skydrol 500—300 F 








Though most elastomers have poor 
resistance to gamma _ irradiation, 
Viton A seems quite promising after 
limited testing. Tests were conducted 
in the presence of diester oil at 400 
F. After 10° Roentgens exposure, 
tensile strength is 220 psi and elon- 
gation is 120%. 


Fluoro-polyester 

This elastomer is a hexafluoropen- 
tamethylene adipate and is expected 
to be available soon in limited quan- 
tities. It has a -98 to 300 F tempera- 
ture range in fuels; thus it is suita- 
ble for use at extremely low service 
temperatures. 

Typical mechanical properties are 
shown in Table 20. Tensile strengths 
of most compounds range from above 
2000 psi to as high as 3000 psi. Cor- 
responding elongations range from 
100 to 300%. 

Typical of fluoro-polyester rub- 
ber’s resistance to elevated tempera- 
tures are the results of aging in air 
for 168 hr at 400 F a stock with an 


original tensile strength of 20( 
2200 psi and elongation of 110-1: 
after aging, tensile strength 
1400-1600 psi and elongation y 
130-175%. 

Little change in tensile streng 
or other physical properties occu 
after immersion for 168 hr in va 
ous fluids at room temperature (s 
Table 23). Of all fluids tested, ar 
matic gasoline causes the great: 
swelling—about 10 to 20%, deper 
ing on compounding. Both JP-4 j 
fuel and synthetic diester oil cau 
slight swelling, and 10% hydrochlor 
acid and salt solutions scarcely affec: 
the rubber. After 70-hr immersion 
350 F in Plexol 201 diester oil, a 
stock with tensile strength of 2000 
2200 and elongation of 110-150% re- 
tains tensile strength of 1500-1700 
psi and elongation of 150-200%. 
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TYPES OF PLATES 


Chromium electrodeposits consist of two principal 
types: decorative and hard chromium plates, and 
their modifications. Both principal types are de- 
posited from the same plating baths and are distin- 
guishable only by their different thicknesses. 
Decorative chromium. Decorative plates are quite 
thin (0.01-0.02 mil), are usually deposited over a 
nickel plate, and are used primarily because of their 
bright, nontarnishing finish. 

Some typical applications of decorative chromium 

plate are: automobile trim and hardware, plumbing 
fixtures, household appliances and hardware, sani- 
tary fixtures, tools and jewelry. 
Hard chromium. These coatings are comparatively 
thick (0.1 to 15 mils) and are used primarily in 
engineering applications because of their extreme 
hardness, low coefficient of friction, chemical resist- 
ance, and nongalling and nonwetting properties. 
Undercoats of nickel or copper are sometimes used 
for added corrosion resistance. 

Applications of hard chromium plate are quite 
extensive. Some principal applications are gages, 
tools and machine tool parts—both new parts and 
worn parts to be salvaged. Taps, drills, saws, mill'ng 
cutters and burnishing tools have been successfully 
plated. Molds for plastics and rubber are plated to 
reduce wear and sticking and to improve product 
appearance. Gun barrels, pump shafts, engine cylin- 
ders, drawing dies, calender rolls and engraving dies 
are other applications. 

Porous chromium. This type of plate is essentially 
a hard chromium plate containing carefully con- 
trolled pits or channels designed to improve the 
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Ther Cond, Btu/hr/sq ft/°F/ft .............6. 157.3 
SENG. BEOUT, MOU SIR Eo onc ccccccnwesecess 0.1039 
Og ee a a) a re 14.6x10° 
Reflectivity, % 

CE chen £00 605 4bsueede webewees is 62-72 

a a on bin chit ad Wd Oe 55-70 

i hss oc cna cenednn decked deus 62-88 
Elec Resistivity (82 F), microhm-cm 

SR re a ee errr ey 50-60 

6 van keg we neu k.i¥ ad Rien deens ..13 
i” a 1000 max 
Sliding Coef of Friction 

Cr-Plated Steel vs Cr-Plated Steel ........... 0.12 

Cr-Plated Steel vs Babbitt .................. 0.13 

CFEME SEE EPUUUE WE. TOOUEE co ccccccccbsedecceess 0.16 







lubrication properties of bearing surfaces. Plates 
range in thickness from 3 to 15 mils. Beneath its 
outer surface the plate is no more porous than 
ordinary hard chromium plate. 

Porous chromium plate consists of three principal 
types: mechanical, pit and channel. The mechanical 
type is produced by hard chromium plating and 
subsequently polishing a roughened, cut or engraved 
basis metal. The polished tops of the grains form 
the bearing surface and the depressions between the 
grains hold the lubricating oil. The pit and channel 
types are produced by chemical or electrochemical 
etching of the chromium deposit. Plating conditions 
are controlled to produce latent chromium deposits 
predisposed to the development of a particular size 
and type of network pattern during etching. 

The pit or pocket type of porous plate is generally 
used on diesel engine cylinders and industrial gaso- 
line and gas engines, pumps and compressors. The 
channel type of deposit is generally used on aircraft 
cylinders. Thickness and porosity of both types of 
deposits depend on the size and type of engine. 


Crack-free chromium. Crack-free plates, deposited in 
self-regulating baths, have recently achieved con- 
siderable importance. These plates have two principal 
advantages: 1) their dense, uniform, crack-free 
structure provides excellent resistance to corrosion 
and thermal shock, and 2) self-regulation of the 
bath practically eliminates maintenance problems. 
In many applications the coating can be deposited 
directly on the basis metal without prior nickel or 
copper plating. Deposits are producible in a bright 
or gray, matte finish. Applications for crack-free 
plate are generally the same as for decorative and 
hard chromium plates. 


BASIS METALS PLATED 


Aluminum and its alloys Nickel and its alloys 
Copper and its alloys Titanium and its alloys 
Iron and steel Zinc and its alloys 
Magnesium alloys 


TREATMENT AFTER PLATING 


Recent work indicates that heat treatment may 
not be desirable in applications where fatigue is a 
factor. In some applications, however, heat treatment 
may be required to relieve strains caused by occluded 
hydrogen. For example, hardened high carbon steel 
parts of thin cross section, such as steel tools, gen- 
erally require heat treatment after plating. Parts 
are placed in an oil bath or oven at 250-350 F for 
1 to 3 hr. Immersion in boiling water for extended 
periods has also proved effective. 


(continued on p 153) 
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QHD COATINGS for METALS 


Trade Mark 


Metallic 


Protective 


CONTACT 


New type chromium plate improves products 





Why Crack-Free Chromium 
gives superior finish 


Regular chromium plate develops a 
network of cracks as it is deposited. 
Through these defects, corrosives reach 
the underlying metal. Deposits from 
the Unichrome Crack-Free Chromium 
Plating Process remain structurally 
sound and continuous. This explains 
the wide difference in degree of corro- 
sion protection obtained. 


OTHER PROPERTIES 


Crack-Free Chromium also provides: 


1. Increased ductility, so that expan- 
sion and contraction cause no cracks. 


2. Improved non-galling, non-seizing 
properties. 
3. Low friction, resistance to wear. 


4. Hardness (500 to 700 Knoop). 


5. Excellent leveling action to help 
cover surface irregularities and reduce 
grinding needs. 


6. Protection to the base metal with- 
out undercoats. 


7. A satin matte decorative finish that 
can be applied directly to zinc die cast- 
ing as well as steel. It buffs readily to 
high luster. 


Bulletin CFC-2 gives more details on 
self-regulation and other features. 


Unichrome is a trademark of Metal & Thermit Corp. 





METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh « Atlanta « Detroit 
East Chicago « Los Angeles 
In Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 
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A few of the applications where Unichrome Crack-Free Chromium can be used to protect against cor- 


rosion, heat, wear. (1) Washer shafts and sleeve; 


hydraulic ram. (2) Roller. (3) Hydraulic control valve 


plungers. (4) Component part of power producing mechanisms. 


Difficult problems created by 


heat, wear, corrosion solved 
by Crack-Free Chromium 


Field reports confirm that Uni- 
chrome Crack-Free Chromium is 
truly a new type of chromium plate 
with valuable characteristics. It is 
being used in applications once 
thought impractical for chromium 
or other deposits. 


IMPROVING HYDRAULIC SYSTEMS 


On hydraulic rams, power steering 
shafts, hydraulic jacks being plated 
with Crack-Free Chromium, rela- 
tively thin deposits protect against 
corrosion, reduce friction and wear. 
Where aqueous hydraulic fluid 
penetrated the cracks in .003 to 
.005” of ordinary chromium, a .0009” 
Crack-Free deposit stopped it. 
Washing machine and typewriter 
parts, spline shafts, piston rings, re- 
lay armatures are other applica- 


tions where corrosion problems 
have been solved. 


COMBATING THERMAL SHOCK 


Spouts for pouring 2250°F. molten 
glass into molds last four times 
longer when plated with Crack- 
Free Chromium instead of ordinary 
chromium. Molds for TV _ tubes, 
subject to corrosion at the cracks 
in ordinary chromium, now last 5 
to 10 times longer. 


Increased ductility combines with 
resistance to thermal shock for 
other benefits. Faster, deeper grind- 
ing cuts can be made on this new 
chromium without fracture. On re- 
newed transmission cams, this plate 
didn’t fracture in service, whereas 
ordinary chromium did on 30% to 
40% of the cams. 


SLOWING DOWN WEAR 


Crack-Free Chromium enables one 
user to increase life of textile ma- 
chine rolls by 400% while cutting 
chromium deposit thickness 95%. 
It has also increased service life of 
drills, taps and reamers by 300°, 
compared with ordinary chromium. 


Send for Bulletin CFC-2. 


For more information, turn to Reader Service card, circle No. 581 
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Chromium electroplates—continued SeRe Saver 





t 
H BASIS METAL PRETREATMENT 
Decorative plate. In general, bright nickel work 1. Preliminary grinding to remove scale, pits and 

ts z that does not require buffing can be placed, still wet, scratches. (This step is not required for smooth 

4 directly in the chromium plating solution. Buffed surfaces. ) 

« surfaces, however, must be cleaned to remove grease, 2. Preliminary cleaning by vapor degreasing or 

68 and oxide films. Cleaning is performed as fol- washing in petroleum spirits to remove oil or 

; OWS: 


grease. 


a+ 
ad 
7 


1. Electrolytic alkaline cleaning with basis metal Electrolytic cleaning in hot alkali cleaner. 





as cathode. Treatment performed at 6-12 v and 4. Cold water rinse. 

175-200 F long enough to remove dirt and 5. Electrolytic etch to remove light rust and other 

grease. iron compounds, and to produce a slightly 
- 2. Warm water rinse (120 to 160 F). roughened surface that will promote adhesion 
2 3. Cold water rinse. of chromium. Sulfuric or chromic acids are 


Acid di at room te most commonly used; if shape of parts causes 
id Ip “00 2mperature to remove sur- m I) If ; ‘ ‘ 4 ‘ i 

j 4 € 4 € f 5 ( wit consec uent 
face oxide, T reatment can be performed in ntrapm Mm © Toaeeee wee 1 


sulfuric acid (20% by vol) solution; in muriatic a ves ak ee ee Pig see. 
acid (30-50%) solution; or by using basis metal bath, chromic acid etch may be preferred. Fart: 


as cathode (4-6 v) in electrolytic sulfuric acid may be transferred directly from chromic acid 
(5%) solution. bath without rinsing. 

Etching is sometimes produced in chromium 
plating bath by reversing current so that work 


— 


5. Cold water rinse. 





Hard chromium plate. Basis metal] pretreatment is is made anodic. After etching (about 1-1 min), | 
% especially important for hard chromium plates since current is reversed and plating started. Thin | 
the coating does not fill in pits and scratches and oxide films can also be removed by dipping work | 
= tends to reproduce the surface on which it is de- in dilute sulfuric or hydrochloric acids. This | 
cor. posited. Though no definite sequence of operations method does not appreciably dull the luster of 
7 can be given for all types of work, the following highly polished surfaces; however, it does not 
pretreatment is typical for ferrous surfaces: promote adhesion as well as other etches. 
K 
oe PLATING BATHS THICKNESS OF DEPOSITS 
ack- Conventional chromium plating baths contain only two essential con- In general, thickness of plates 
nary stituents: chromic acid and a sulfate catalyst acid radical. Successful for decorative applications ranges 
bes, : deposition is determined by the weight ratio of chromic acid to sulfate; from 0.01 to 0.02 mil. Following 
acks this ratio should be kept between 50:1 and 250:1, preferably at about are some typical thickness recom- 
ist 5 100:1. Too small a catalyst content can result in no deposition at all mendations (in mils) for hard 
or else produce brown oxide stain. Similarly, too high a catalyst content chromium deposits: 
with produces a bath with poor or no throwing power. Two typical formu- SESSA eee 0.05-0.5 
for lations are: PEC E TCT TTT eT 0.1-0.5 
ind- Concentrated Dilute Burnishing bars ........ 0.5-3.0 
ti Chromic acid (CrO;) ...53 0z/gal Chromic acid .......... 33 0z/gal gin, Si ee es 1.5-8.0 
slate EE ide ie cee ads 0.53 oz/gal 0 ey 0.33 oz/gal Drawing dies .......... 0.5-8.0 
reas The dilute bath has a slightly higher current efficiency than the ie 0.1-1.5 
% to concentrated bath. However, because of its lower conductivity, the dilute Pump shafts ........... 0.5-3.0 
bath usually requires a higher voltage for a given current density. Rolls, drums ......... 0.25-12.0 
q Also, because of its low sulfate content, the dilute bath is more sensitive Hydraulic rams ........ 0.5-4.0 
to the addition or removal of catalyst from drag-in and drag-out. Printing plates 
one A self-regulating high speed chromium plating solution is gaining (engraved steel) ..... 0.2-0.5 
ma- wide acceptance, especially for high production decorative plating using 
ting automatic equipment. It consists of a proprietary solution containing 
5%. mixed acid radicals which automatically regulate themselves. The high 
‘e of cathode current efficiencies and the bright plates produced at high 
10%, current densities result in high plating rates—more than twice those 
jum. of conventional solutions, it is claimed. 


The help of Metal & Thermit Corp. and Van der Horst Corp. in preparing these data is gratefully acknowledged. 
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For fast, cold sandwich bonding 


... 3M Adhesive EC-1357 


a ceagesansnanetnasn cee Te 
. ws Oa nsinnnnte ati t 


NIP ROLLER OR COLD PRESS COMPLETES STRONG, LIGHTWEIGHT SANDWICH PANELS WITH EC-1357. YOU NEED NO HEATED PRESSES. 


Gain the speed and economy of cold 
bonding! Fabricate sandwich panels 
for non-load bearing uses with 3M 
Adhesive EC-1357. 


This high-strength, flexible adhesive 
bonds sandwich panels without clamps 
or heated presses. You force-dry the 
solvent out of the adhesive before 
bonding. Cold press or nip roller 
finishes the job. You get maximum 
immediate strength. And EC-1357 
builds up even more strength with 


age as it cures at room temperatures. 


Because it is dark in color, EC-1357 
absorbs drying heat fast. Thus it 
cuts production time, allows contin- 
uous movement from adhesive spray- 
ing to finished panel. EC-1357 resists 
moisture and normal temperatures, 
too. For load-bearing panels, inves- 
tigate 3M Adhesive EC-1177. 


SEE WHAT 3M ADHESIVES CAN DO FOR YOU! 
Consult 3M research. Contact your 


3M Field Engineer. Or for information 
and free literature, write on your 
company letterhead to: 3M, Dept. ®". 
417 Piquette Ave., Detroit 2, Mich. 


SY LP 
REsearC™ 


MINNESOTA MINING AND MANUFACTURING COMPANY - ADHESIVES AND COATINGS DIVISION 


417 PIQUETTE AVE., DETROIT 2, MICH. © GENERAL SALES OFFICES: ST. PAUL 6, MINN. 


@® EXPORT: 99 PARK AVE., N.Y. 16, N.Y. © CANADA: P.O. BOX 757, LONDON, ON 


For more information, turn to Reader Service card, circle No. 380 
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Welded aluminum plate makes up the all-aluminum elevator aboard supercarrier USS Ranger. 


Two New Aluminum Alloys Have 
Excellent Welding Characteristics 


@ Two new aluminum alloys pos- 
sessing excellent welding charac- 
teristics are now available from 
Aluminum Co. of America, 1501 
Alcoa Bldg., Pittsburgh. The first, 
designated X5454, is expected to 
find extensive use for aluminum 
vessels, storage tanks, tubes and 
piping required to handle chemi- 
cals at elevated temperatures, and 
for welded tank trailers that 


New aluminum alloy is used for one of the world’s largest ammonium 


nitrate storage tanks. 


transport hot loads such as as- 
phalt. 

The alloy (composition: 2.75 
magnesium, 0.8 manganese and 
0.1% chromium) is said to pos- 
sess high strength at moderately 
elevated temperatures, i.e., in the 
150-300 F range. Under these con- 
ditions, the material offers high 
resistance to corrosion and stress 
corrosion in all temper specifica- 
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tions. Welding characteristics of 
the alloy are excellent, and tensile 
strengths of are welded joints are 
said to be equal to tensile strength 
of the alloy in the annealed tem- 
per. Best results are achieved with 
welds made by the _ inert-gas- 
shielded consumable arc method. 
The alloy is available as sheet, 
plate, tube and extruded shapes. 
Best non-heat treatable alloy 
Alcoa’s second alloy, a new com- 
position (see table) that is being 
rolled into plate, is claimed to 
possess the highest mechanical 
properties available in the non- 
heat treatable alloys. These prop- 
erties are said to result from the 
presence of 5.25% magnesium in 
the composition. Typical mechan- 


COMPOSITION OF ALLOY 5456 





Magnesium. . . 
Manganese. 
Copper.... 
Chromium. . 
Aluminum... 
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ic: | properties of Alloy 5456-H321 
ar: tensile strength, 51,000 psi; 


yild strength 37,000 psi; and 
elongation, 16%. The plate is 
avilable in thicknesses from 
0.280 to 2.0 in. The alloy possesses 


excellent welding characteristics 
aid ean be joined by resistance, 
tungsten are or consumable elec- 
trode methods. Tensile strength of 
exceeds 42,000 psi. The 
material is expected to find wide 
usage in the Navy for gun mounts, 
earrier elevators, deckhouses and 
other shipboard installations. 


welds 


MECHANICAL PROPERTIES OF X5454 











Temper Ten Str, Yid Str, Elong (in 2 in.), 
4 1000 psi 1000 psi iA 
SHEET AND PLATE 
Annealed 36 17 22 
H32. 40 30 10 
H34. 44 35 10 
H36 49 40 8 
H112. 36 18 18 
TUBE AND EXTRUDED SHAPES 
Annealed 36 17 22 
H112 36 18 18 
H311. 38 26 14 











B Development of three new titan- 
ium alloys—a medium strength 
alloy with good tensile and bend 
ductility, a high strength alloy 
with usable ductility, and a high 
strength alloy with good proper- 
ties at high temperatures—has 
been announced by Mallory-Sha- 
ron Titanium Corp., Niles, Ohio 
and Rem-Cru Titanium, Inc., Mid- 
land, Pa. The three alloys have 
in common strength, formability 
and resistance to creep at elevated 





temperatures. 
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Heat treatment: 20 min at /370 F, 

















az 5+ woter quenched; aged 24 hr at 925 F 
S air cooled 
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Temperature, F 


Fig 1—Effect of temperature on 
yrroperties of age hardened MST 
6V-2.5Al titanium alloy sheet, 


Strength and ductility offered by .. . 


New Titanium Sheet and Bar Ailoys 


Mallory-Sharon’s alloys 

The two alloys developed by 
Mallory-Sharon are being  pro- 
duced as sheet and bar. The first, 
designated 16V-2.5Al and contain- 
ing 16 vanadium and 2.5% alu- 
minum, was developed to fulfill re- 
quests from the airframe indus- 
try for a sheet alloy that would be 
soft and formable in the solution 
treated condition and could be age 
hardened after forming to high 
strength with usable ductility. It 
is a highly beta-stabilized alloy 
that can be solution treated to 4 
tensile strength as low as 110,000 
psi and a yield strength of 50,000 
psi, with 16% elongation and 1 to 
2 Tp (minimum bend radius). It 
can be subsequently age hard- 
ened to a tensile strength of 165,- 
000 psi and a yield strength of 
150,000 psi, yet retain 5% elonga- 
tion. 

As shown in Fig 1, the age 
hardened sheet has good short 
time hot strength up to 800 F. At 
800 F, yield strength is approxi- 
mately 100,000 psi; above 800 F, 
strength decreases rapidly with 
temperature. As age hardened 
bar, the new alloy was subjected 
to 50,000 psi load at 800 F for 165 











] 2 


Jet engine compressor 


blade 


forged from Rem-Cru’s new alloy. 
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A test reading taken now would probably be 
erroneously low — or the machine might be 


running dangerously overloaded. 


That’s why Riehle’s Electro-Balanced indica- 


ting unit always buzzes a warning when a load 


is being generated on the specimen at a higher 


rate than a servo system can follow. 


For more information, turn to Reader Service card, circle No. 422 








This buzz tells the operator to reduce the 
load rate application. It prevents wrong read- 
ings or possible machine damage. This safest 
and most sensitive of all indicating units is 
offered for both hydraulic and screw power 


It’s a Riehle 


feature that gives users confidence in their 


testing machines — by Riehle. 


test results. 
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Division of American Machine and Metals, Inc. 


Please send your free 4-page Bulletin RU-14-56 with full data” 
new Riehle Electro-Balanced Indicating Unit. 
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Room temperature mechanical 
erties of the bar 
after creep 
yn in Table 1. 
‘ate satisfactory thermal sta- 


before 
exposure are 


These results 


v, but low creep resistance at 
F, At temperatures below 700 
ind stresses below 40,000 psi, 
ep deformation of less than 1% 
150 hr may be anticipated. 
\cecording to Mallory-Sharon, 
alloy seems to offer consider- 
able promise in applications where 
a combination of severe forming 
capability and high aged strength 
are prime requirements. The alloy 
is presently under study in the 
Dept. of Defense Sheet Rolling 
Program. 


TABLE 1—CREEP STABILITY OF AGE 
HARDENED 16V-2.5Ai ALLOY BAR:> 


| 
Property Before | After 
a Exposure | Exposure 








Tensile Strength, 1000 psij 166.9 173.7 
Yield Strength (0.2% | 

offset), 1000 psi..... 150.7 | 167.6 
Elongation (in 1 in.), %.. 12.5 | 9.0 
Reduction of Area, % 50.7 32.7 


450,000 psi at 800 F for 164.5 hr. 








TABLE 2—MECHANICAL PROPERTIES OF 
MST 821 SHEET AND BAR 





Form => 0.040-In. %g-In. 


Sheet * Bar” 





Ten Str, 1000 psi 127 | ~~ 130 
Yild Str (0.2% offset), 
1000 psi. ery 120 123 
Elong, % ; 16.0¢ 16.04 
Red. of Area, % —- 38.0 
Min Bend Rad. (TR) 3.5-4.0 — 
Charpy Impact Str, | 
POT oa 45.0 
Mod of Elast, psi 17 x 108 17 x 108 


‘Annealed 20 min at 1650 F, air cooled. 
‘Annealed 1 hr at 1650 F, air cooled. 
In 1 in. 

In 2 in. 








The second new Mallory-Sharon 
titanium alloy, MST 821, is being 
produced as sheet and bar and 
contains 8 aluminum, 2 columb- 
ium and 1% tantalum. The pre- 
sence of tantalum and columbium 
in small quantities permits a 
higher tolerance for aluminum 
than does any other alloying addi- 
tion. Furthermore, since tantalum 
is an almost neutral solute and 
columbium is a very slight beta 
stabilizer, both elements produce 
only a slight response to heat 
treatment and no hardenability in 
the alloy. As a result, the alloy is 
ductile after welding, retaining its 
original strength and bend duc- 
tility. 

The alloy has excellent high 
temperature properties. At tem- 
peratures up to 800 F, times up 
to 300 hr and stresses up to 
50,000 psi, total plastic creep of 
the alloy is of the order of 0.2% 
or less. At 1000 F and 50,000 psi, 
creep is still only 0.2%. Other 
properties are given in Table 2. 
Rem-Cru’s alloy 

The new titanium alloy devel- 
oped by Rem-Cru Titanium Corp. 
has a nominal composition of 6.5 
aluminum and 3.75% molybde- 
num, Called C-130AMo, the alloy 
is claimed to possess high strength 
at both room and elevated temper- 
atures, Samples of the new alloy 
exposed to high stress in the 600- 
1000 F temperature range show 
undiminished strength and excel- 


lent ductility in subsequent room 
temperature tensile tests. Tensile 
strengths exceeding 160,000 psi 
with good ductility in heat treated 
sections over 2 in. thick have been 
achieved in the laboratory (see 
Table 3). 


According to Rem-Cru, the new 
alloy offers the following advan- 
tages over existing alloy grades: 

1. Improved elevated tempera- 
ture strength. (Fig 2 compares 
short time yield strengths and 
tensile strengths of the new alloy 
with those of alloys containing 
only aluminum or aluminum plus 
vanadium. ) 

2. Excellent 
stress stability. 

3. Deep hardenability and ex- 
cellent heat treated properties. 

According to Dr. Walter L. Fin- 
lay, vice president and research 
manager for Rem-Cru, the new 
bar and forging alloy shows prom- 
ising properties for jet engine 
disks and blades, high strength- 
light weight airframe forgings, 
airframe fasteners and _ other 
parts. Although the alloy is not 
yet in commercial production, 
Rem-Cru is offering it on an ex- 
perimental basis. 


time-temperature- 


(more What’s New on p 161) 





=== Tensile strength 
Yield strength 


Stress, 1000 psi 
N 
oO 


on 
° 


TABLE 3—MECHANICAL PROPERTIES OF C-130AMo 





Yid Str, Elong 
(0.2% offset), | (in 2 in.), 4 \ 


0 
: 2) 200 400 600 800 1000 
1000 psi % Temperature, F 








Ten Str, 
& 1000 psi 








full data 0 Small Diameter Rod 


Bar (3 x % in., longitudinal)... .... 
Bar (3 x % in., transverse)................ 
Billet Slices ( >6 in. dia. transverse). 


155-170 
160-163 
170-181 
140-150 


145-155 13-18 
151-157 15-19 
160-168 12-17 
130-140 8-15 


Fig 2—Elevated temperature 
strength of titanium alloy C-130AMo 
compared with that of two other ti- 
tanium alloys. 
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KITCHEN ACCESSORIES, TOO 


* Many different types of s!. «|... 
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kitchen accessories. — Stain|: 
STANDS OUT for trim and assemblies that 

contact with foods — Alloy S$ 

for parts that must absorb p 
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blades, frames and cases. Tt 
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of quality steels is another reason 

why Sharon has always been a leg, 
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Crystal clear disk (left) is 175 carats of synthetic 


eapphire and sells for about $135. 
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Large sapphires now can be synthesized by an tm- 


proved growing process. 


Better growing techniques make... 
Synthetic Sapphires Competitive 
with Sintered Aluminas, Quartz 


H® Synthetic sapphires, first made 
around 1910 by a Frenchman 
named Vereuil, are one of the 
most stable metal oxides known. 
They are extremely hard (next to 
diamond), strong at high tem- 
peratures, abrasion resistant and 
resistant to most acids and al- 
kalis even at high temperatures. 
First used in watches during 
World War II, synthetic sapphires 
are currently being used in guided 
missiles, industrial automation in- 
struments, medical equipment, 
lamps and high temperature meas- 
uring devices. 

Recently, Linde Co. Div., Union 
Carbide Corp., 30 East 42nd St., 
New York 17, announced the de- 
velopment of improved synthetic 
sapphire growing techniques that 
produce large single crystals com- 
petitive in price with sintered 
aluminas and quartz. For _ in- 
stance, a large disk 3 in. in dia 
and 1 in. thick costs about $135. 





How They’re Made 


Synthetic sapphires are made 
by dropping fine particles of 
aluminum oxide onto a small 
pedestal in a furnace. These 
droplets crystallize as they hit 
the cooler part of the furnace 
and build up like stalagmites in 
a cave. The process creates a 
shape about the size of a man’s 
thumb that can be fabricated 
into suitable shapes. 










A rod 1/5 in. in dia costs about 
$1.40 per inch of length, and a 
ball 54 in. in dia costs $16.20. 

The synthetic sapphires are 
available in the form of windows, 
rods, tubing, boules and special 
shapes. 

Fabrication 

Although procedures for join- 
ing sapphire to metals and glass 
allow the fabrication of intricate 
devices, complicated sapphire 
shapes are to be avoided. It is 
possible to bend small sapphire 
rods into a variety of shapes, but 
large rods cannot be bent. 

According to the producer, two 
precautions must be taken in the 
use of synthetic sapphires. First, 
sapphire is extremely hard, and 
its resistance to impact and highly 
localized stresses is lower than 
that of most metals. Secondly, 
large temperature gradients in the 
sapphire should be avoided and 
the design of the apparatus in 
which it is to be used must be 
such that excessive thermal 
stresses are not developed in the 
sapphire. With suitable design, 
however, sapphire can be used 
under rugged conditions. 

An electron arc method of seal- 
ing a sapphire window to glass 
has been developed, and a gold- 
nickel alloy of low vapor pressure 
has been used successfully to bond 
sapphire to molybdenum sheets. 
Applications 

Synthetic sapphires are finding 
wide use as an optical material for 








lenses, and are particularly good 
for windows in absorption cells 
and as entrance and exit windows 
for optical systems. A flash lamp 
made with a cylindrical synthetic 
sapphire rod shows promise as a 
short wavelength photochemical 
source. Although the lamp has 
been flashed more than 3000 times, 
the resistance of the sapphire to 
electrical discharge and ultravio- 
let radiation is good. 

Because the material can accu- 
rately transmit infrared rays to 
measuring devices, it is being 
used in instruments that guide an 
anti-aircraft missile to an enemy 
plane on the heat given off by the 
plane’s engines. Sapphire’s trans- 
parency in the infrared portion of 
the spectrum is better than that 
of quartz. 

Other uses of synthetic sap- 
phires are in instruments that in- 
stantaneously analyze chemicals 
flowing through a pipe and in 
temperature sensing devices that 
measure temperatures up to 
3500 F. 

(more What's New on p 162) 


PROPERTIES OF SYNTHETIC SAPPHIRES 





Melting Point, F 3700 
Knoop Hardness 1765 
Specific Gravity 3.98 
Porosity, % 0 
Compressive Strength (77 F), psi 300,000 
Young’s Modulus, psi........ 53 x 108 
Specific Heat, Btu/Ib/°F 0.18 
Dielectric Strength, v/mil 480,000 
Dielectric Constant (300 mc) 10.6 
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HOW A COMPLETE 


Testing 


Service | 


AIDS 
Materials 
Selection 


A few months ago, they gave you 
this new project: design a bearing 
mount — make it light yet strong 
and rigid. 

To do this job, you had to select 
a special alloy. No experience or 
history available on this material 
for this application ~you couldn’t 
be sure the selection was really 
correct. You designed the part... 
gave it to the foundry. When you 
got it back, you could see that they 
had done a fine job, but you had to 
be sure. Playing it smart, you sent 
it to United States Testing Company 
for evaluation: Tensile — Impact — 
—Grain Structure—X-ray—a com- 
plete treatment. Now you are read- 
ing the report. You can relax. 
United States Testing Company has 
established just how good the new 
bearing mount really is. 

This is a typical situation in 
which United States Testing Com- 
pany, with its complete laboratory 
facilities, can provide a quick scien- 
tific service on new applications. 

Why not call or write us today 
on any material problems you may 
have. Establish at the design level 
the strength or weakness of your 
new product. 


TESTING COMPANY, INC. 


ESTABLISHED 1880 


1600 Park Avenue, Hoboken, N.J. 
BOSTON + BROWNSVILLE 
DALLAS « DENVER - LOS ANGELES 
MEMPHIS - NEW YORK - PHILADELPHIA 
PROVIDENCE - SAN ANGELO 


For more information, circle No. 561 








Heaviest superalloy ingot ever produced. 


Bigger Superalloy Parts Possible 


m@ What is believed to be the gas turbine wheels, landing gear 
world’s largest furnace for melt- parts for jet transports, and re- 
ing high purity superalloys under tainer rings for steam turbine 
vacuum has been placed in opera- generators can be made of super- 
tion by Allegheny Ludlum Steel alloys in larger sections of greater 
Corp. strength and dependability. 

The new furnace, using the con- 
sumable electrode remelting proc- 
ess, is capable of producing 26-in. 
dia ingots weighing up to 12,000 
lb—believed to be the heaviest in- 
gots ever produced by any vacu- 
um melting process (see photo). 
As a result, such components as 


(more What's New on p 164) 
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Large aluminum plate—Shown above is what is claimed by Aluminum Co. 
of America to be the widest hot rolling mill ever placed in operation in the 
aluminum industry. The new 160-in. mill produces plate up to 6 in. thick, 
12 ft wide and 60 ft long. 

Other new equipment announced by Alcoa for its expanded sheet rolling 
facilities include a plate stretcher with a pulling force of 16 million pounds-— 
also claimed to be the largest in the aluminum industry; a 100-in. cold mill fo 
finish rolling wide, coiled sheet; and plate heat treating and aging furnaces 
large enough to accommodate the 60-ft plates. 
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2. Then RINSE! 


with Turco Alkaline Rust Remover 
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Here’s a single-tank process that completely obsoletes con- 


ventional methods of removing rust, paint and primer. With THE CHOICE IS YOURS! 
Turco Alkaline Rust Remover, you just dip, then rinse! 





That’s all there is to it! 
An easy-to-handle, powdered material, Turco Alkaline the obsolete method the TURCO method , 
Rust Remover normally strips slightly pitted rust in less than 
~ a minute. Heavy rust and multiple. paint layers require only of rust and of rust and 
a a few minutes’ immersion. Turco Alkaline Rust Remover paint removal paint removal 
requires no after-neutralization ...no electrolytic current. It 
contains no cyanide compounds ...emits no corrosive fumes. 1. Dip for alkaline 1. Dip for rust and 
Moreover, it does not affect dimensional tolerances, cause degreasing and paint removal plus 
hydrogen embrittlement, or create any of the other hazards paint removal rust prevention 
commonly encountered with acids. Since Turco Alkaline Rust 2. Rinse 2. Rinse 
Remover actually decreases the tendency of metals to re-rust, 3. Acid dip for rust 


the need for subsequent rust preventive treatments is vir- 
tually eliminated. 


and red oxide 


removal 

Turco Alkaline Rust Remover has been thoroughly proven 4. Rinse 
in the laboratory... exhaustively tested in the field... and 5. Neutralize 
universally accepted by industry! Check this new way... ee 
this better way ...to beat back the problem of rust! 6. Rinse 

QUICKLY REMOVES TENACIOUS HEAT SCALE, TOO! 7. Dry 
Now...with Turco Alkaline Rust Remover used electrolyti- 8. Dip for rust 
cally, tenacious heat scale can be quickly and completely prevention 
removed...with no dimensional loss to the base metal. 
Moreover, the descaled metal surfaces are exceptionally 
FREE FOLDER = 


clean, shiny and free from smut, with a minimum tendency 


TELLS HOW — Write today f 
to re-rust. rite today for 


free 4-page illustrated folder describing Turco Alkaline 
Rust Remover — the non-acid compound that quickly 
removes rust, paint and primer in two simple steps. 











MAIL COUPON TODAY! 


TURCO PRODUCTS, INC. 
6135 SO. CENTRAL AVE., LOS ANGELES 1, CALIF. 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
6135 SOUTH CENTRAL AVENUE, LOS ANGELES 1, CALIFORNIA 


Please send me free 4-page illustrated folder 
describing Turco Alkaline Rust Remover 











' 
' 
' 
“ Ce a a Se ee ae 7 
Poy Factories: Newark, Chicago, Houston, Los Angeles, London, Rotterdam, ' wre 
r Sydney, Mexico City, Paris, Hamburg, Montreal, Naha (Okinawa) ! 
Ces Manufactured in Canada by B. W. Deane & Co., Montreal i _ — 
Offices in all Principal Cities ! ee 21m} Pa Ce 


For more information, turn to Reader Service card, circle No. 571 
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Whether the need is for vital 
aircraft parts that must with- 
stand the searing heat of today’s - 
planes or those still on the drawing 
board . . . or for equipment used in 
handling acids and other corrosives 
throughout industry, Wallingford Steel 
is meeting the challenge successfully. 


Constantly searching for new metals, new 
methods, Wallingford has long engaged in 
research and experimentation with high- 
strength, corrosion-resistant, high- 
temperature alloys. Research, too, has 
played a large part in enabling Wallingford 
to produce the quality stainless steel strip 
and tubing necessary to meet the rigid 
requirements of today’s applications. 


Wallingford’s progress aids your progress! 
Write for further information that can 
help you solve the problems of today 

... and tomorrow! 


THE 


WALLINGFORD 


STEEL CO. 
WALLINGFORD, CONN., U.S.A. 
Progress in Metals for over 35 Years 





COLD ROLLED STRIP: Super Metals, Stainless, Alloy 


WELDED TUBES AND PIPE: Super Metals, Stainless 


For more information, turn te Reader Service card, circle Ne. 366 
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PROPERTIES OF STANPREG 





Flexural Strength, psi 


Lengthwise 65,1 

Crosswise 61,1 
Impact Strength, ft-Ib/in. 

Lengthwise 13.25} 

Crosswise 10.0 
Water Absorption, % 0.10} 
Dielectric Strength, kv 

Parallel-to-Laminations 83.8 

Step-by-Step 71.3 
Dielectric Constant (1 mc) 4.6% 
Dissipation Factor (1 mc) 0.0180 
Insulation Resistance, megohms 1.8 x 10’ 
Arc Resistance, sec 126 
Heat Distortion Temp, F 324 





impregnated Glass 
Cloth in Electrical Uses 


An epoxy resin-preimpregnated 
glass cloth, manufactured by 
Standard Insulation Co., East 
Rutherford, N. J., has been de- 
signed primarily for use in elec- 
trical and electronic applications. 
Called Stanpreg, the flame resist- 
ant, impregnated glass cloth is 
furnished in dry rolls that are 
said to be adaptable to sheeting, 
winding, slitting and other opera- 
tions. 


Chromate Finishes 
for Zinc and Cadmium 


Four new chromate finishes are 
being marketed by Allied Re- 
search Products, Inc., 4004-06 E. 
Monument Ave., Baltimore 5. 

Iridite No. 5-P is a powdered 
concentrate that produces a yellow 
iridescent coating on zine and 
cadmium plate, galvanized iron 
and zine die castings. The re- 
sultant finish is said to be highly 
corrosion resistant and to make 
an excellent base for paint. 

Iridite No. 8-4 is an all-purpose 
liquid chromate for all forms of 
zinc and cadmium. It is designed 
to provide a protective coating on 
zine and cadmium plate, zinc-base 
die castings and galvanized steel. 

Iridite No, 12-P is a powdered 
material designed to provide a 
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For better molded laminates... 


LET MICA MOLD IT 


MIca’s greater knowledge of materials, molding know-how, ability to vary materials 
as required, and problem-solving abilities pay off. 


For savings, let MICA mold it. Our knowledge 
of base materials and molding methods, our un- 
divided responsibility for quality of both mate- 
rials and workmanship, and our _ specialized 
equipment save time and assure consistency, 
accuracy and prompt delivery. 


For special applications, let MICA mold it. Our 
molding materials include LAmicomD® phenolic 
papers and fabrics, polyester glass and SCOTCH- 
PLY® epoxy glass. These materials offer light 
weight, high strength and stability, chemical re- 
sistance, insulating properties, heat resistance and 
low moisture absorption. This wide range of prop- 
erties meets many different application require- 
ments. 


For special processing, let MICA mold it. We 
are fully equipped to mold parts of intricate 


SCOTCHPLY® is a registered trademark of Minnesota Mining and Manufacturing Co. 


MICA INSULATOR COMPANY 
757 Broadway, Schenectady 1, New York 
A Subsidiary of Minnesota Mining and Manufacturing Company 


shape or difficult contours by matched metal die 
compression molding. Our facilities include com- 
plete fabricating equipment for further machining 
and finishing of molded parts. 


For creative engineering, let MICA mold it. We 
are prepared to apply our knowledge of base 
materials, molding and fabricating methods, and 
application experience to the design and manu- 
facture of prototype or experimental materials 
and parts. 


For prompt quotation on your needs, send us 
your prints and specifications. We can also supply 
machined parts from paper, linen, canvas, nylon, 
asbestos and fibrous glass base materials. A MICA 
representative will be happy to give you any engi- 
neering assistance needed. 


® 





For more information, turn to Reader Service card, circle No. 411 
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RUBBER GETS ON THE BALL VIA one-dip, clear, blue-bright fi) 
“APCOTITE” BONDING AND MOLDING TECHNIQUE a a ee eee 


to the producer, it can be used 
replace nitric acid dips. 

Iridite No. 14-9 is a powde) 
concentrate designed to provid 
one-dip, clear protective coating 
for aluminum surfaces. 


THE (SHAPE OF THINGS IN Ww | AERIAL 









Recent developments in tapes 
include an aluminum foil tape and 


da Be % = ee : two metallized Mylar tapes. 
\ a | 


IN "ea ; Three New Tapes 
i : J 
—e 





1. Aluminum foil tape 
A pressure sensitive aluminum 


APPLICATION: ston | foil tape with silicone adhesive is 


d aluminum ball shown here is a pl 








rubber covere , ‘ ' available from Mystik Adhesive 

hi lator of revolutionary design. Ad Di Reali . 9635 N. Kildare 

in a hydraulic accumu a Being spherical Products, Inc., 2635 N. Kildar 

iston are many. , re., Chicago 39. Calle 'stik 

vantages of a ball type pisto the wear, and it permits Ave., ( hicago 39. Called My: tik 

Iling, no one point takes horizontal position. No. 7402, the tape has a 2-mil 

ee to be operated in G " which it oper: | annealed aluminum foil backing 
inder 


and a silicone rubber adhesive. 
Temperature range for the tape 
is -100 to 550 F. The tape is said 
to be ideal for aircraft, missile 
and appliance applications. 
2. Metallized tapes 
Two companies have recently 

introduced metallized Mylar tapes. 
One company, Coating Products, 
Inc., Englewood, N. J., is market- 
ing a line of Mirro-Brite metal- 
lized Mylar tapes. The tape con- 
sists of aluminized polyester film 
laminated to vinyl, embossed into 
decorative patterns and combined 
with a high tack pressure sensi- 
tive adhesive. The metallized tape 
is being marketed in 100-yd rolls 
in various widths ranging from 
52 to 1 in. The tape is available 
in a number of colors. 

| The other company, Permacel 

| Tape Corp., New Brunswick, N.J., 

| is marketing Permacel EH 3820, 








a metallized Mylar embossing 
tape. According to the producer, 
it can be die cut in an infinite 
number of shapes and embossed 
in a variety of different patterns. 


| 
| 
| 
ACUSHNET PROCESS COMPANY | The backing of the tape consists 
| 





NEW BEDFORD, - MASSACHUSETTS of 2-mil acetate-butyrate lami- 


eos Precision Molded RUBBER, SILICONES -‘'APCOTITE’’ BONDING nated to 0.5-mil metallized Mylar 
Address all communications to 750 Belleville Ave., New Bedford, Mass. The tape has a tensile strength o! 
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[AYNES:Atloyssolve*thetough heat problems 

















2000 Hours 
in 1900-Deg. F furnace 


| orn “burn-out” furnaces rows of investment-casting 
mold flasks reach temperatures as high as 1900 degrees 
F while under direct flame impingement. Flasks made of 
MULTIMET alloy operate under these severe oxidizing 
conditions for 2000 hours. They have survived repeated 
heating and cooling for 200 trips, each 8 to 10 hours, 
through the furnace without rupturing or losing their 
strength. 

If you are seeking exceptional service against severe 
heat conditions, get the complete story on HAYNES 
alloys. Contact our nearest sales office or write for 

: é‘ descriptive literature. Address HAYNES STELLITE 
es = a . COMPANY, Division of Union Carbide Corporation, 


uae " General Offices and Works, Kokomo, Indiana. 





~ 


i. 


- 





~ 





... Entering “burn-out” furnace are investment- 
casting mold flasks made of MULTIMET alloy. 


Over 25,000 flasks of many shapes and sizes fab- aLLEOoOws 
ricated from 16-gauge sheet are in daily use. 
HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 



















CANIS els 


“Haynes,” “Multimet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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COPPER, TIN, LEAD, ZINC BRONZES 



























You'll find them better for pressure if they're 


SHENANGO CENTRIFUGAL CASTINGS 


HATEVER the inside or outside pressures, Shenango 
centrifugal castings are better able to withstand them 
without failure. 

Parts cast by the Shenango centrifugal process are much 
tougher because their finer, pressure-dense grain avoids stress 
concentrations while providing greater strength, better elon- 
gation and freedom from such costly defects as sand inclu- 
sions, blowholes and such. 

Whether you need rings, rolls, sleeves, liners, bushings, 
bearings, mandrels or amy annular or symmetrical part... 
ferrous or non-ferrous... in whatever shape, size or dimension 
to meet your requirements . . . Shenango can do the job, And 
do the job better! 

For informative bulletins on the answers to your tough 
problems, it will pay you to write now to: Centrifugally Cast 
Products Division, The Shenango Furnace Company, Dover, O. 
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MONEL METAL NI -RESIST MEEHANITE METAL ALLOY IRONS 
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CENTRIFUGAL 
CASTINGS 


ALUMINUM AND MANGANESE BRONZES 











25 psi, elongation of 75% 
adhesion of 40 to 45 oz per ip 

The tape is recommended ag a 
strip or panel material in suc} 
applications as radio and _ {ele. 
vision sets, lighting fixtures, auto 
and aircraft interiors, home ay)]j- 
ances, housewares, containers, and 
packaging and machinery identi- 
fication. 


New Polyethylene Pipe 
Resists Oil, Solvents 


Allied Chemical & Dye Corp., 
61 Broadway, New York 6, N. Y.. 
recently announced that it has 
started commercial production of 
a new form of high density poly- 
ethylene resin with properties 
particularly suited for the manu- 
facture of polyethylene pipe. Ac- 
cording to the producer, the proc- 
ess for making the resin is en- 
tirely new and does not resemble 
either the Ziegler or Phillips proc- 
ess. Called A-C polyethylene pipe 
compound, the high density resin 
is compounded with carbon black. 


Properties of pipe 

Plastics pipe made from the 
resin by Orangeburg Mfg. Co., 
Inc., Orangeburg, N. Y., and called 


SP plastic pipe, is said to have 
high bursting strength, resistance 
to impact, absence of stress crack- 
ing, excellent heat resistance, and 
resistance to chemicals, organic 
solvents and hydrocarbon liquids. 
Forbes Silsby, vice president of 
Allied Chemical, says that “failure 
due to environmental stress crack- 
ing is entirely overcome in pipe 
made from this new resin. Also, 
tests indicate the pipe will be suit- 
able for transmission of solvents 
and hydrocarbons as in oil and 
gas fields, a use denied to conven- 
tional polyethylene pipe.” 
According to the producer, the 
high molecular weight of the resin 
(> 750,000) imparts to the pipe 
complete freedom from slitting 
under severe conditions; greater 
tensile strength and yield strength, 
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Courtesy: Resistoflex Corp., 
Roseland, N. J. 


For one thing, you feed your rocket fuel — 

savagely corrosive stuff, like white and 

red fuming nitric acid. You use a fuel line of 

Teflon hose, wrapped in stainless wire braid 

— with special stainless steel fittings to make it 
stay put. 


The fittings are swaged on — and listen to a few of 

the 19 test beatings they get. In an impulse test, 
with fluid temperature at 400° F., an impact of 4500 psi 
is applied, and reduced to zero in one second. The cycle 
is repeated 35 times a minute — for 100,000 cycles. 


Another test, at 450° F., submits the hose and fittings to 
vibration at 2000 cycles per minute through 34,” lateral 
movement. This grueling test is. applied for 200 hours... 
is followed by a severe high-pressure test to assure a 
leak-proof seal. It’s hard on the fittings... but 

a positive test of durability. 


Frasse has provided trouble-free stainless steel for 

this vital fitting application since its inception — and often 

supplied it in hours, to meet production deadlines. So, if 

you want reliability in your product, and a reliable source of 

supply ... rely on Frasse for all your stainless requirements. 
It’s a habit you’ll find profitable. 


Call FRASSE for complete STAINLESS STEEL SERVICE 


Bars + Forgings + Sheets + Strip + Plates + Wire + Tubing + Pipe «+ Fittings + Valves 


Peter A. |\|| Frasse|||| &Co., Inc. 


















































NEW YORK 13, N. Y. PHILADELPHIA 29, PA. BUFFALO 7, N. Y. SYRACUSE 1, N. Y. HARTFORD 1, CONN. 
17 Grand St. 3911 Wissahickon Ave. P.O. Box K, Sta. B P.O. Box 1267 P.O. Box 1949 
WaAlker 5-2200 BAIdwin 9-9900 BEdford 4700 HOward 3-8655 JAckson 9-6861 


LYNDHURST .- BALTIMORE + ROCHESTER 
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Cast steel component parts offer a 


wide range of performance 





advantages when they are 


st BY LEB ANON 





performance from casting ACCURACY 
Cast by Lebanon for high speed 
printing presses, this intricate casting 
(shown as cast) requires virtually no 
machining. Its dimensional accuracy 
permits completely efficient opera- 
tion in close tolerance with its 
mating parts. 


. performance from casting SURFACE 
This bottling cap guide requires a 
surface accuracy comparable to in- 
vestment castings. Cast by Lebanon 
in stainless steel, the part goes into 
operation with no expensive machin- 
ing. (Shown as cast.) 


—— performance from casting INTRICACY 

. Shredder rings for garbage disposal 
units substantially reproduce in cast 
steel the intricacy and accuracy of 
machined parts. Cast by Lebanon, 
these units are a major production 
item of the shell mold department. 


. performance from casting INTEGRITY 
This aircraft casting for a jet en- 
gine bearing housing was Cast by 
Lebanon in low carbon steel for 
great strength under fatigue stress. 
Surfaces and dimensions are so accu- 
rate as to require virtually no 
machining and compare favorably 
with those obtained by investment 
casting methods. 














AVAILABLE TO YOU: Consult our foundry engineers at the initial stage of 
your design project to best utilize the inherent advantages of CAST 
STEEL and to benefit from our many facilities and experience in proto- 
‘ype 





Write for our Design File M 


LEBANON STEEL FOUNDRY 


113 LEHMAN STREET 
LEBANON, PENNSYLVANIA 
CARBON, LOW ALLOY AND STAINLESS STEEL CASTINGS 
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PROPERTIES OF A-C POLYETHYLENE 
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Specific Gravity. 0.9¢ 
Tensile Strength, psi 348 
Yield Strength, psi 307 
Elongation, % 60( 
Flexural Strength, psi... 370i 
Notched Impact Strength, ft-lb /in 12! 
Crystalline Melting Point, F 257 
Brittle Temperature, F Below 

Coef of Ther Exp, per °F ..9Xx) 
higher heat and chemical resist. 


ance, greater resistance to abra- 
sion and a substantially lower rate 
of creep than conventional poly- 
ethylene pipe The _ plastics 
pipe is also said to be impervious 
to electrolytic environment, ultra- 
violet rays and subzero tempera- 
tures, 


has. 


Uses of pipe 

Since the pipe has greater 
strength than other high density 
polyethylene pipe, it is somewhat 
less flexible than pipe made from 
conventional polyethylene. How- 
ever, it is said to retain sufficient 
flexibility to permit coiling and 
easy laying in the field 

Approved by the National Sani 
tation Foundation for use in port- 
able water installations, the pipe 
can be laid over, under and around 
obstructions and can be cut with 
a hacksaw. 

The high density polyethylene 
pipe is recommended for jet well, 
lawn sprinkling and air condition- 
ing installations; piping systems 
for ice skating rinks; industrial 
piping; and golf course watering 
systems. 


Use of Steel Castings 
in High Speed Aircraft 


Aircraft designers would like to 
use lots of steel castings in high 
speed aircraft and guided missiles, 
but there are certain limitations 
on their use at present. The most 
important limitation is a lack of 
design data, according to Robert 
J. Ely of American Brake Shoe 
Co., S. K. Hodgson of Chance 
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1g DISTRIBUTOR 
CAP 


Any Material - Any Shape 
Any Color - Any Size 


h Planning before production can save you time and 
money. Richardson offers a complete service in re- 
search, development and design. Multi-plant opera- 


+t tions offer ample facilities for injection, transfer and Pp L A S T | e S 


compression molding. Write today for the molding 


catalog or phone Chicago MAnsfield 6-8900. LAMINATED AND MOLDED 





THE RICHARDSON COMPANY « DEPT. 22 + 2782 LAKE ST. » MELROSE PARK, ILL. - SALES OFFICES IN PRINCIPAL CITIES 


For more information, turn to Reader Service card, circle No. 405 
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++» the two-way answer to fastening problems 


Here’s a combination that slashes production costs 
and gets rid of fastening problems in a hurry— 
Milford Rivets made to high-quality standards to 
assure a better finished product for you . . . Milford 
automatic rivet-setting machines that can be quickly 
adapted to your particular fastening needs. 


To improve product appearance and strength 
... to take full advantage of automatic assembly 
... to cut delivery time and production costs 


—get in touch with Milford first! 







MILFORD 
THE 





MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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Steel casting used on aircraft bom} 
rack must be sound. 


Vought Aircraft, Inc., and John 
H. Garrett, executive secretary of 
the Defense Department’s Coordi- 
nating Committee on Materials. 

All three men, who spoke at the 
spring technical meeting of the 
Investment Casting Institute, be- 
lieve that establishment of quality 
standards, improved inspection 
methods, improved casting and 
heat treating techniques, and good 
reproducibility of test results are 
needed to produce good steel cast- 
ings in the 180,000 to 200,000 psi 
tensile strength range. Such cast- 
ings have a strength-weight ad- 
vantage over aluminum even at 
room temperature. 

Although there is increasing in- 
terest in large castings for use in 
aircraft, castings are commonly 
assumed to be “undependable,” 
Mr. Garrett says. However, many 
people believe that the deficiencies 
of castings are not necessarily 
fundamental but may be due to 
inadequacies in foundry  tech- 
niques. As a result there has been 
quite a bit of interest in setting 
up a program to improve methods 
of making high integrity castings. 
Aircraft castings 

One program, conducted by the 
Materials Advisory Board of the 
National Research Council, re- 
vealed that the use of steel cast- 
ings in aircraft is less today than 
during World War II. The gist of 
the Panel’s findings: 


“Aircraft manufacturers are 


generally hesitant to use steel 
castings in critical application: 
because of fear of casting fai! 
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Miniature electronic components potted 
n Epon resin by Freed Transformer Com- 
any, Inc., Brooklyn, New York 
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Why EPON’ RESINS 


4 Good Reasons! 


Outstanding adhesion to metal, glass, plastics 


Excellent dimensional stability 


7. 
_ f 
3. High mechanical strength 
4. 


Excellent dielectric properties 


Epon RESINS are preferred for potting, 
laminating, sealing and encapsulating 
because they offer an almost ideal 
combination of electrical and physical 
properties. 


Potting and encapsulating. 
Epon resins have outstanding adhesive 
properties. They form strong bonds to 
metal and glass, provide airtight enclosure 
of delicate components and vacuum tubes. 
They also have excellent dimensional sta- 
bility and can withstand solder bath 
temperatures. 


Sealing. Enamels and varnishes based 
on Epon resins provide excellent moisture 
sealing plus outstanding resistance to sol- 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION 380 Madison Avenue, New York 17, New York 


Atlanta + Boston - Chicago + Cleveland,: Detroit - Houston + Los Angeles - Newark - New York +» San Francisco » St. Lovis 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited + Montreal + Toronto + Vancouver 


vents and chemicals, even at elevated 
temperatures. 


Laminating. Epon resins, laid up 
with inert fibrous fillers, produce base 
laminates of superior dielectric properties 
which can be sheared, punched, drilled 
and bath soldered. 


Adhesives. Solvent-free Epon resin 
formulations cure at room temperature, 
with contact pressure alone; form power- 
ful bonds between glass, metal, wood or 
plastic. 


Write for complete information on the use 
of Epon resins in protective enamels, tool 
and die materials, etched circuit laminates, 
transformer and motor sealing compounds. 


For more information, turn to Reader Service card, circle No. 374 









Section of magnetic amplifier coils em- 
bedded in Epon resin by Westinghouse 
Electric Corporation, Pittsburgh, Pa. 





Potting transformer with Epon resin at 
PCA Electronics, Inc., Santa Monica, Calif. 
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NYLON ‘know-how’ 






































A new ultra-modern extrusion plant produces bubble-free 
nylon rod up to 3" dia.; nylon sheet and tape up to 1 2” wide, 
in thicknesses from .002” to %"; and nylon hydraulic 
tubing from %" 0.D. to %" O.D. for 1000 psi and 2500 psi. 





* Pm 


An extensive, ultra-modern injection molding plant 
equipped with machines ranging in capacities up to 8 oz., 
and specializing in difficult precision moldings in volume 
production with accompanying economies. 


on high speed | 
automatics 


U 
Ss 
G 








A complete, high-speed plastics machining plant, geared 
to the production of innumerable nylon parts to manufac- 
urers’ specifications. Whatever your nylon part require- 
ments—check your methods and costs with U.S.G. 
“Know-how.” 


United States Gasket Company 


n ited Camden 1, New Jersey 
tates 
as ket las CCA Divts Lon 


OF THE GARLOCK PACKING COMPANY 
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ures. This fear arises from ))\< 
experiences with unsatisfaci 
lots of castings, the quality ang 
mechanical properties of which 
have shown wide variations. Ip 
addition, and largely as a result 
of this inconsistency of quality, 
current aircraft specifications pro- 
vide lower’ allowable = design 
strengths for steel castings as 
compared to wrought products. 
Thus, size and weight penalties 
are imposed in the use of steel 
castings, a factor which makes it 
impractical for them to be con- 
sidered for most aircraft applica- 
tions.” 


ry 


Casting design 

Mr. Garrett, referring to th 
Panel report, says that some air- 
craft castings are very intricate 
in design and need considerable 
development work before they can 
be produced at all. Designs of 
castings are fixed by the aircraft 
makers and patterns are made and 
submitted to the foundries. At 
this stage, the foundries hesitate 
to criticize the design of either 
the casting or the pattern. Many 
foundries think the aircraft people 
are not seriously interested in 
using castings and, in turn, the 
foundries are not particularly in- 
terested in accepting aircraft bus- 
iness. 

Mr. Garrett believes that this 
impasse between aircraft people 
and foundries must be opened up 
before any notable progress in 
aircraft steel castings can be 
achieved. Once this barrier has 
been eliminated, he says, progress 
should be rapid. 

Investment castings 

Mr. Hodgson, in his paper “De- 
sign and Use of Investment Cast- 
ings in Air Frames,” says that 
definite progress has been made 
at Chance Vought in reducing air- 
craft costs by using steel castings. 
At present Chance Vought uses 4 
great many magnesium and alu- 
minum sand castings but various 
types of steel castings are also 
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le Transwall® Curtains* are opening the way to almost unlimited use of folding walls 
in at lower costs than ever before. Why? Because the prime grade jute used is both 
1€ impregnated and coated with Naugatuck’s MarvinoL® VR-50. This versatile plasti- 
n- sol provides essential processing advantages necessary for economical production 
5- and additional product advantages necessary for profitable, high-volume sales. 

, VR-50, a high molecular weight PVC with exceptionally low plastisol 
1s | pa i “y ca vy ee tf viscosities, is specifically designed for dispersion applications. And while it 
le — enjoys a wide compounding latitude, VR-50 is a fast-processing, uniform 
, _ resin with exceptional clarity in unfilled compounds. It is being successfully used 
n .f af a for coating, spraying, film casting, slush molding, dipping, rotational molding, mold 


casting and foamed vinyls. 


‘ . _ VR-50 is only one of many MarviNoL7 resins manufac- 
7 ’ Wine, ve i ba sivy Ze “ : ” * ° 
gy ae | - ee 3 ry c> ? W ieee ou Lo tured by Naugatuck for standard and “special” applications. 
And that’s only part of the picture! Naugatuck also makes 
available complete technical and engineering services, too. So, no matter what your 
problem, or your product, it is to your advantage to get in touch with Naugatuck. 
*Produced by TRANSWALL COATED PRODUCTS, a department of Bemis Bro. Bag Company, 
- Minneapolis, Minnesota. 


Naugatuck Chemical Divisi 


Naugatuck, Connecticut 


BRANCHES: Akron « Boston « Gastonia, N.C. « Chicago « Los Angeles e Memphis « New York ¢ Phila. 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario « Rubber Chemicals « Synthetic Rubber « 
Plastics « Agriculeural Chemicals « Reclaimed Rubber « Latices « Cable Address: Rubexport, N. Y. 























For more information, turn to Reader Service card, circle No. 432 







SEPTEMBER, 1957 «¢ 175 


IN MATERIALS 






Vour Best = <x 


Inches Size 
Vg 12x12 
34> 18x 18 
ource I$ 24x24 
34, 36x36" 
Va 48 x 48* 
Yq 


Y2 & Up 
* Can be furnished 
in V2 sheets 





used, the largest weighing 28°) | 
About 40% of all castings are 
made by the investment process 
most of them steel. Accordiny to 
Mr. Hodgson, the proportion of jn. 
vestment castings used wil] } 
increased as soon as larger jp- 
vestment castings become avail. 
able. 

One serious problem cited }, 
Mr. Hodgson which affects the use 
of castings in aircraft is the up- 
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HERE’S WHY: You can DIAMETER INCHES 

















é ; ; certainty of delivery dates; typi- 
order in quantity and in od oR cal examples include delivery in 
a wide variety of sizes— % \% 16 weeks instead of the promised 
and be certain of complete . 4 2 weeks and delivery in 44 weeks 
uniformity throughout. Me 4 instead of the promised 15 weeks. 
Our strict density control % 2 ee ee. 

Ve 2% Steel is not competitive with 
assures you thoroughly _- other aircraft materials on a 
non-porous Teflon— Other diameters | strength-weight basis unless it is 
free from any flaws which retin aeaneuearahes | available at a strength of 180,000 





psi or higher. Since there is little 
sound engineering data available 
on the properties and behavior of 
cast steels at such strength levels, 
Mr. Ely and his associates at 
American Brake Shoe Co. made 


might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 

























toleranc tect TYPICAL SIZES 
ee — s, pn an investigation of the tensile and 
waste of material or loss hs a impact properties of several rela- 
° a ° , e,° 
of time. You get product %u % tively low alloy martensitic steels, 
purity—Teflon at its % chiefly 4340. The investigators 
hack ie evneet cme of it ‘v4 ‘ highly recommend a homogeniz- 
y ae : 2% ing treatment for maximum duc- 
a aaa : a TU Bl NG tility of these high strength mate- 
Delivery is prompt—you | rials. A typical treatment: 1) a 
get the quantity you Characteristics of Teflon | 4 hr homogenization treatment at 
want when you want it CHEMICAL 2280 F, 2) air cooling, 3) heating 
Separating aliiibety tins. | 6 hr at 1800 F, 4) air cooling, 5) 
Teflon, “John Crane’”’ Med —_ ce and a | air cooling. This treatment results 
¥ xtremely low factor. ‘ is at 
engineers have worked THERMAL in wa 8.5% eer pre 
. | normally 6% elongation is consid- 
with Industry to su a | de: 
porter Sk jee ses q Pi ade +500" F. | ered ample for most applications. 
um problems an MECHAN | 
. ° Strong, flexible, weather 
develop new applications. You can para 
benefit from their experience LOW COEFFICIENT OF FRICTION ‘ 
Absolutely non-stick. Reinforced Teflon 


and know-how. * DuPont Trademark 





Is Strong, Tough 


Reinforced Teflon tapes, rods, 
tubes and slugs are now being 
marketed by Enflo Corp., Route 38 
at Airport Circle, Pennsauken, 


CRANE PACKING COMPANY (38) | N. J. Called Enflon, the reinforced 


ee ee material is said to be reasonably 


Request full information and ask for our bulletin, The Best in Teflon. 


Crane Packing Co., 6460 Oakton St., Morton Grove, Ill., 
(Chicago Suburb). 


(n Canada: Crane Packing Co., Ltd., Hamilton, Ont. i, » 
ie * 



















For more information, turn to Reader Service card, circle No. 456 


176 * MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 









eks 


ith 


L is 
000 
ttle 
ble 
of 


els, 


ade 
and 
pla- 
els, 
ors 
niz- 
juc- 
ite- 


; at 
ing 
5) 
6) 
ilts 
ue; 
sid- 
ns. 












GENERAL PLATE 
Platnum Laboratory Ware 


Available with 
reinforced tops and bottoms 


General Plate Platinum Laboratory Ware is available in a 
wide variety of forms and sizes and, also, with reinforced tops and bottoms for added 
wear resistance, longer life. 

General Plate reinforced laboratory ware retains its shape 
at the top and is more easily grasped with tongs. It resists cracking and will outlast 
regular ware under all conditions. 

The complete platinum-group metal service available at 
General Plate includes refining, alloying and fabricating. In addition to manufac- 
turing its complete platinum laboratory ware line, General Plate: 


P Assays and refines platinum-group metals. P Produces chemical compounds for cata- 


; lysts and for electroplati lutions. 
P Recovers and reworks materials previously en ae ee ee ene 


expended in use. P Produces solid and clad metals as sheet — 


P Alloys platinum-group metals. foil — wire — tubing — gauze. 


P Fabricates electrical contacts and ‘contact 
assemblies for aircraft and automotive 
magnetos, instruments, controls and other 
applications; thermocouple wire, and 
other parts — all to exact customer speci- 
fications. 































You Con Prost By Using | METALS g CONTROLS ’ CORPORATION 


Write for literature today. General Plate Division 1609 Forest Street, Attleboro, Mass. 
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NOs for 


Our Laminum Shims are good news for thousands of metal 
working plants, because our ‘‘NOs”’ save time and reduce costs. 
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Laminated Shims of 


LAMINUM 
now available in 




















For more information, turn to Reader Service card, circle No. 487 


178 * MATERIALS IN DESIGN ENGINEERING 


And only in Laminum 


LAMINATED SHIMS OF — =relominated, surtace- 


bonded shims avail- 




















able in all four materials 
ge | as shown below. 
STAINLESS LOW CARBON 

STEEL STEEL 

with laminations with laminations 

of .002” or .003” of .002”’ or .003” 
BRASS ALUMINUM 

with laminations with laminations 

of .002” or .003” of .003” only 














LAMINATED SHIM COMPANY, INC. 


Shim headquarters since 1913 


1609 Union Street, Glenbrook, Conn. 
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ELECTRICAL PROPERTIES OF ENF: ON 





Dielectric Constant (1 mc) 69 
Dissipation Factor (1 mc) 0 0nrE: 
Surface Resistivity, ohms 2 x 10 
Volume Resistivity, ohm-cm 2.5 
Dielectric Strength, v/mil 
30 mil AG 
60 mil 110 





stable at 575 F, and to surpass 
conventional Teflon in such prop- 
erties as tensile and compressive 
strenth, load, temperature, fric- 
tion and wear resistance. The re- 
inforced Teflon is also said to have 
less cold flow than conventional 
Teflon. The material is recom- 
mended for use as bearings, in- 
serts, seals and gaskets. 


Silver Contact Alloy 
Is Strong, Conductive 


A new silver alloy, developed by 
Venture Corp., is claimed to have 
electrical conductivity higher than 
75% IACS as well as _ tensil 
strength and hardness greate: 
than that of coin or sterling silver. 
It can be cast, rolled, drawn or 
formed by any of the conven 
tional metal-working methods. 

The new alloy, called Venturelo) 
II, is used extensively as an elec- 
trical contact material. It is said 
to be better than silver-cadmium 
oxide because it can take greater 
current loads, higher frequencies 
of operation and greater contact 
forces. 


Plastisol Coating 
Protects Stored Parts 


A new plastisol coating, de- 
signed especially for the protec- 
tion of metal parts and: products 
that are to be warehoused and ex- 
posed to rough handling, has been 
introduced by Auburn Button 
Works, Inc., Chemical Div., Au- 
burn, N. Y. 

The coating is applied to metal 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


PH 


Tins for designers 





Terminal board for a complex circuit in an elec- 
tronic spectrophotometer is made of Taylor Grade 
LE laminate . . . selected for its insulating and 
mechanical properties. 





Gas pump impeller unit is fabricated of Taylor 
Grade LE-6 phenolic laminate . . . economical, 
light-weight, wear-resistant . . . chosen because of 
strength, stability. 





Guides for sliding doors, made from Taylor 
vulcanized fibre, last longer because of high 
strength and resistance to abrasion. 








Metal plating barrels of Taylor Grade C-5 
melamine withstand corrosion and erosion success- 
fully in alkaline solutions. Downtime and mainte- 
nance costs are substantially reduced. 





TAYLOR SUPERIOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP- 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 
standing electrical properties. 











TAYLOR 


Plants in Norristown, Pa. and La Verne, Calif. 


Shop Talk 


ree: €@. 


JOLIC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 





This coil form for radio frequency transformers is fabricated by Taylor of 
Grade XX laminate plastic tubing for Collins Radio Co. The O.D. of the 
center section is held to a tolerance of .230” + .0005”. Material was chosen 


for its good electrical properties, dimensional stability and machineability. 


Precise electrical insulation parts? 
Taylor can produce them. 


This coil form for radio frequency 
transformers was produced by 
Taylor’s Fabricating Division, 
holding the tolerance of the out- 
side diameter of the center section 
to + .0005”. 


Taylor has special techniques and 
facilities capable of providing 
parts—such as this coil form—to 
your own specifications, promptly 
and economically. Youcanshorten 
your production steps by putting 
Taylor to work for you. . . simpli- 
fying production . . . safeguarding 
schedules . . . reducing overall 
costs. 


Precision fabrication of laminates 
and vulcanized fibre is difficult... 
but Taylor can and is doing it, in 


a great variety of Taylor grades, 
and to extremely close tolerances. 
In your present products or in 
those that are now on your draft- 
ing boards are opportunities for 
you to take advantage of Taylor’s 
equipment and experience. Design 
to closer tolerances—Taylor can 
handle the job. Taylor is equipped 
to handle any type of fabrication 
—punching, drilling, grinding, 
forming, milling or turning—sim- 
ple or complex. 


Chances are that Taylor’s staff of 
specialists can help you with de- 
sign, material selection and fabri- 
cation. Call or write your nearest 
Taylor sales office for a talk about 
your needs. 
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Oil well drill bit, carbide-surfaced by 
ASC, outlasts 5 untreated bits . . . cuts 
downtime 50% for oil exploration 
company. 





The original stainless steel crimping 
roller showed definite signs of wear 
after processing 1 to 114 million food 
cans. Identical rollers, ASC treated, pro- 
cessed 28 million food cans . . . show- 
ing no appreciable wear. 


An ASC treated gear pump component 
outlasts 6 untreated units. In addition, 
its corrosion and heat resistance pre- 
vents contamination of the plastic ma- 
terial being processed. 





Drive and spur gears, afrer ASC Metal 
Diffusion Treatment, have 3 to 4 times 
the wear resistance of untreated gears. 


103 South Justison Street, Wilmington 1, Delaware 








Atom Exchange 


Creates Carbide Wear Surface 
On Steel Parts 


Iron, steel and ferrous-base products which 
have to take the punishment of severe wear 
can now be given a treatment which vastly in- 
creases their resistance to wear and abrasion. 


The new ASC Metal Diffusion Process pro- 
duces a chromium-carbide surface on steel 
parts —- medium and high carbon, regular, 


alloy or stainless. 


The surface hardness, RC70-72, provides at 
least three times normal wear under the most 
10 to 30 


times normal wear for many applications. 


difficult operating conditions 


Even stainless steel can be vastly improved 
wearwise. 


By atom exchange ASC Metal Diffusion 
Process produces a chromium surface which 
is an integral part of the parent metal. In 
addition to providing wear and abrasion re- 
sistance, this surface affords corrosion and 
heat resistance equal to 430 Stainless Steel. 


Further information about this revolutionary 
process is yours for the asking. Write for addi- 
tional data, consultation, or product demon- 
stration. 


ALLOY 
SURFACES 
COMPAN Y 
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Cast iron part is shown coated with 
plastisol formulation (left) and 
stripped of coating (right). 


parts by heating the part and 
dipping it into the plastisol form- 
ulation. The resulting thick plas- 
tisol cushion is said to resist mold, 
mildew, salt air and water, and 
most acids, alkalis and solvents. 
It is also said to have high thermal 
and electrical insulating qualities, 
and to be unaffected by extreme 
cold and hot weather. 

The plastisol coating, which 
may be peeled off by hand, is 
recommended for all types of 
sharp edged precision instruments 
and parts such as bits, sawblades, 
chisels, gear teeth and knives. 


Hard Surfacing Method 
Developed in Russia 


A low cost method of hard sur- 
facing has recently been developed 
in Russia. Called the Vibrocon- 
tact method of hard surfacing, it 
is now being used successfully in 
a number of Russian automotive 
repair shops to repair worn parts 
of hardened steel. 

An illustrated description of 

the method and a list of some of its 
advantages are given by Efremov 
and Gevorkyan in the Dec ’56 issue 
of Vestnik Mashinostroyeniya 
(Russian). According to the au- 
thors, wear tests conducted on 2 
chromium-nickel steel hard sur- 
faced with a high carbon un- 
_alloyed steel electrode by the 
Vibrocontact method show 40 to 
70% less wear when compared 
with the same steel in the carbur 
ized and hardened condition. 

Other advantages listed for the 












nd 
n- 


S- 
id, 
nd 
US. 


al 


ne 


“n 


of 
ts 


S 
we 








Accuracy suitable for telescoping, strength for a vital service, corrosion- 
resistance to withstand body acids—all recommend Welded Stainless 








Steel Tubing for this tiny watch pin. 


Vvevoen 





TUBING 








Great structural strength, lightweight for mobility, uniformity 
for inter-working parts—all recommend Welded Carbon 
Steel Tubing for this oil country drilling rig. 


For maximum strength + minimum weight 


CHOOSE WELDED TUBING IN ANY SIZE 


Carbon - Alloy - Stainless Steel 


The tubular form is one of engineering’s most 
efiicient sections—and Welded Tubing with 
greater uniformity about its axes is tubing at 
its best. Whether you have design require- 
ments for great strength, light weight, high 













RPM, interchangeability of components, heat, 
pressure or corrosion—there is a size and 
grade of Welded Tubing to do your job best. 
For all tubing applications, consult a quality 
tubing producer. 


Design inspiration for you 


The 260-page Handbook of Welded Steel Tubing con- 
tains inspiration and data for tubing designs. For your 
copy, write on your company letterhead, giving your title. 


FORMED STEEL TUBE INSTITUTE 
850 HANNA BUILDING * CLEVELAND, OHIO 
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Available Now!! 
Reprints of 







































Because of the great demand for the well-known Manuals that are 
widely used for reference purposes, MATERIALS IN DESIGN 
ENGINEERING Manuals have been reprinted for your use. These 
outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials and finishes. 


The price is right! Only 35¢ for each reprint. On quantity orders, 
discounts are offered. To obtain your copies, indicate in the handy 
coupon below the Manuals you want. Orders will be filled as long 
as the supply lasts. 





Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00 per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


Y Quantity VY Quantity 
...Wrought Phosphor Bronzes Corrosion 
. Carbon and Low Alloy Stee! Castings ... Industrial Textile Fibers 
Carburizing of Steels ..Wrought Aluminum Alloys 
....Malleable Iron Castings .. Pressure Sensitive Tapes 
... Surface ye of Steels and Irons ...New Stainless Steels 
.... Selecting Metal as Methods ...Foam Plastics 
....Engineering Coppe ....Electroplated Coatings 
.... High-Strength, low-Aliey Steels ...Materials for Nuclear Power Reactors— 
...Sandwich Materials PRICE 50c 
..Mechanical Properties and Tests Materials for Electrical Contacts 
Nuclear Radiation ....Gray lron Castings 
....Close Tolerance Castings ....How to Select and Specify Glass 
....Clad and Precoated Metals ....Nickel Silvers 
....Wrought Non-Leaded Brasses ....Hard Coatings and Surfaces 
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each future Manual, when reprinted. Please start with the 
ee Ose issue. Upon receipt of your invoice, I will pay 
$4.00 for a year’s supply. 
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new method are: 1) the h 
affected zone is very narr 
which is particularly important 
when worn parts of hardened si 
are being rebuilt, 2) depth o 
single deposit layer can be varied 
from 0.005 to 0.080 in., and 
productivity is greater than in 
rehardening and chromium plat- 
ing and is equal to that in con- 
ventional hard surfacing. 

Briefly, the method works as 
follows: 

1. A rotating electrode contacts 
the metal to be hard surfaced with 
considerable impact and completes 
a welding circuit. Most of the 
heat develops in the electrode so 
that the end of the electrode melts 
off and builds up on the part. The 
maximum temperature in the elec- 
trode is somewhat above the point 
of contact with the part. This 
point of incipient melting facili- 
tates rotation of the electrode and 
bridges the gap between the part 
being hard surfaced and the elec- 
trode. 

2. The deposited metal is cooled 
rapidly with a coolant. Heat con- 
duction by the cooler part also 
speeds up cooling of the deposited 
metal. The coolant also protects 
the weld metal from atmospheric 
oxygen and nitrogen. 

3. The weld deposit is separated 
from the balance of the electrode 
by continued rotation of the elec- 
trode and drawback of the elec- 
trode from the part. Repetition 
of the cycle forms a weld deposit. 
With a high carbon unalloyed 
steel electrode, surface hardness 
of the weld deposit is 800 to 1000 
Vickers. 


Polyethylene Resin 
for Sheet Forming 


A new polyethylene resin, for 
use in making heavy sheet for 


thermo-forming (i.e., sheet-form- 
ing), has been developed by E. |! 
du Pont de Nemours & Co., Wi 


mington 98, Del. The new ma- 
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designated Alathon 31, 1s 
o give manufacturers a com- 
position that has a high enough 
viscosity to resist sagging during 
the preliminary heating step of 
the thermo-forming process, yet 
‘s easily extruded into sheet and 
shaped into finished parts when 
drawn down over the thermo- 
forming mold. 

The polyethylene resin has a 
melt index of 0.6 and a density 
of 0.93. Parts made of the resin 
have glossy surfaces, are resistant 
to environmental stress cracking, 
are essentially free of taste and 
odor, and are said to be completely 
nontoxic. 

The material is suited for use 
in thermo-forming containers for 
feods such as ice cream and cot- 
tage cheese, and for fabricating 
trays, covers, liners, lids, shoe 
components, hats and other items 
formed from sheet material. The 
resin is currently available at 41c 
per Ib in minimum truck loads. 


Zinc-Rich Paints 
Resist Toxic Fumes 


Carboline Co., 331 Thornton 
Ave., St. Louis 19, has announced 
the development of a series of 
zinc-rich paints for atmospheric, 
marine and chemical plant protec- 
tion. 

The cured paints are said to 
offer a tight, nonporous, 4 to 10- 
mil film in one coat. According to 
the producer, a new coat can be 
applied in the field to continue the 
protection when the zinc is even- 
tually spent. 

Three types of coatings are 
available: XR 150-40 for lining 
fresh water tanks and pipe; XR 
150-62 for lining brine tanks and 
protecting sandblasted steel from 
marine and _ industrial atmos- 
pheres; and XR 150-43 for appli- 
cation to rusty, wirebrushed 
structural steel in industrial and 
marine atmospheres. 


More What’s New on p. 188 











PURITY plays a part in 


SANDVIK Spring Steel's 
Super-Performance 


eatin cane 


%, 


Le 





1702 Nevins Road, Fair Lawn, New Jersey 


Tel. Fair Lawn 4-6200 — 
In N.Y, €. Algonquin 5-2200 


Warehouses: Fair Lawn, N. J. * Cleveland * Los Angeles 
Branch Offices: Cleveland * Detroit * Chicago * Los Angeles 
SANDVIK CANADIAN LTD. P. 0. Drawer 1330, Sta. 0., Montreal 9, P. Q. 


WORKS: Sendviken and Hellefors, Sweden 


i $ Stitt Fe 





Basic purity has a lot to do with 
Sandvik's ability to deliver top perform. 
ance in so many difficult spring steel 
applications. This purity begins with 
the purest iron ore—obtained from 
Sandvik’s own mines. 


Step by step in the production of the — 
quality strip steel, close control is held 
on the product. Only the purest mate- 
tials, such as sulphur-free charcoal and 
sponge iron are used in the furnaces. — 
The only return scrap used is from the — 
Sandvik plant itself. 7 4 


Sandvik supplies cold rolled specialty | 
strip steels — 







@ In special analyses for specific 
applications 


Precision-rolled thicknesses to -fit 
your requirements 


@ 
@ In straight carbon and alloy grades 
2 


Annealed. unannealed or hardened 
and tempered —scaleless or pol- 
ished bright, yellow or blue 


@ With square. round or dressed 
edges 


Sandvik stocks a wide variety of qual- 
ities and sizes. In addition Sandvik has 
Rolling, Slitting, Edge-Filing and Hard- 
.ening and Tempering facilities. 


Write for the new Sandvik brochure 
and stock lists. 
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le WORLD BE€STOS 


help you 


in the design and production of 



































VAl-i. 7 Werel, 


DAMPERS 
or 


SNUBBERS 





i 2 Oo] So] ie) 
FRICTION 
PARTS 


SPECIAL 
CLUTCH 
FACINGS 


TRANSMISSION 
LININGS 


_A 


@ World Bestos offers you more than 30 years’ engineering and 
manufacturing experience in the producion of molded friction parts. 
Chances are our immense resources and facilities can supply you with 
molded parts and friction components—to meet your requirements— 
at a savings in both time and money. 





Send your blueprints (or samples) for prices and delivery information to WORLD 
BESTOS, Industrial Products Section, New Castle, Ind., Phone: 2360. 
Write for free illustrated folder. 


WORLD BesTos NEW CASTLE, INDIANA 


DIVISION OF THE 


| Firestone fists 


Facings « Vibration Controls « Sheet Packing 
TiRE & RUBBER COMPANY 
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New Silicone Rubber 
for Wire Insulation 


A new silicone rubber compound 
designed especially for wire insu- 
lation is capable of withstanding 
intermittent exposure to tempera- 
tures as high as 480 F. Desig- 
nated SE-975 and available from 
General Electric Co., Silicone 
Products Dept., Waterford, N. Y.. 
the compound is recommended for 
use on aircraft wire, motor and 
apparatus lead wire, defroster and 
hook-up wire, and other wires. 

Said to have good electrical and 
physical properties and low water 
absorption, the silicone wire in- 
sulation may be used in long serv- 
ice at 300 F and for many appli- 
cations at 390 F. After a cure of 
1 hr at 300 F, tensile strength is 
1150 psi, elongation is 425% and 
tear strength is 125 lb per in. 

According to the producer, SE- 
975 has good processing charac- 
teristics that make it especially) 
suited for thin wall extrusions. 
The silicone rubber is furnished 
as a white compound and may be 
tinted to obtain various colors. 


Glass-Epoxy Laminate 
Is Flame Retardant 


A new flame retardant glass- 
epoxy laminate has been intro- 
duced by Continental Diamond 
Fibre Corp., Newark, Del. Ac- 
cording to the producer, the glass- 
epoxy laminate shows excellent 
flame resistance when tested in 
accordance with NEMA switch- 
gear flame resistant requirements. 
Said to have high strength and 
good electrical properties, the in- 
sulating laminate is heat resistant 
and can be used continuously at 
temperatures up to 300 F. 

The laminate is recommended 
for such applications as circuit 
breaker arms, flash guards and 
insulating barriers; panels, sub- 
panels, terminal boards and other 
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A sign that's 


every day 





Changeable letters of Tenite Butyrate keep sales messages fresh and timely 
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an Eastman plastic 





1932~EASTMAN’S 25TH YEAR IN PLASTICS—1957 


Changeable letter displays, once 


found exclusively on theater mar- 
quees, have now been adopted by 
the nation’s retailers. They have 
found that sales, daily specials, 
current attractions, extra services 
—a wealth of up-to-the-minute in- 
formation—can be conveyed to 
prospective customers through the 
adaptability of plastic letters. 
Tenite Butyrate is playing an im- 
portant role in the success story of 
these signs. The brilliant luster, 
wide color range and outdoor du- 
rability of this Eastman plastic have 
made it the preferred material for 
effective, eye-catching letters. In 
Tenite Butyrate, leading sign man- 
ufacturers have found a plastic 
that spells long life for the letters 
they sell...a material whose tough- 
ness cannot be matched by any 
other weather-durable plastic. 


Letters are but one of many ap- 
plications for Tenite Butyrate in the 
sign industry. This thermoplastic 
material can be easily molded, or 
extruded as sheet and then formed 
by vacuum, air or mechanical 
pressure. Because of its high 
strength, economical lighter 
gauges often can be used in sign 
construction. 

An ideal material because of its 
durability, dimensional stability, 
toughness and workability, Tenite 
Butyrate is used in outdoor sign ap- 
plications ranging from letters like 
those shown above to huge spec- 
taculars 40 feet high. For more in- 
formation on any use you may 
have for this strong, versatile plas- 
tic, write EASTMAN CHEMICAL 
PRODUCTS, INC., subsidiary of East- 
man Kodak Company, KINGSPORT, 
TENNESSEE, 


Information regarding Tenite also can be obtained from local representatives listed under 
“Plastics—Tenite” in the classified telephone directories of the following cities: Atlanta, 
Chicago, Cleveland, Dayton, Detroit, Houston, Kansas City, Leominster (Mass.), Los Angeles, 
New York City, Portland (Ore.), Rochester (N. Y.), St. Louis, San Francisco, Seattle and Toronto 
—elsewhere throughout the world, from Eastman Kodak Company affiliates and distributors. 
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related power equipment; 
radio and television relays, printed 
circuit panels, and other electronic 
parts. 

The laminate is supplied plain 
for power applications and jp 
metal-clad form for printed cir. 
cuitry. It is available in sheets 
ranging from 0.010 to 1 in. in 
thickness. 


Standard Issued 
on Rigid PVC Sheet 


A commercial standard for rigid 
polyvinyl chloride plastics sheets 





has been issued by the Commodity 
Standards Div., of the U.S. Dept 
of Commerce in cooperation wit! 
the Society of the Plastics Indus 
try, Inc. The standard, known as 
Commercial Standard CS201-55, 
covers physical and chemical prop- 
erties and methods of test for 
normal impact (Type 1) and high 
impact (Type II) rigid PVC 
Keep pace with the march of design — ake 
The standard contains inform:- 
> tion on two identification marks 
with Hackney deep drawn shells for the use of manufacturers in 
identifying products conforming 
to the standard. A recommended 


Your customers want smartly designed products...good looking method of declaring complianc 
and durable. Your production engineers demand parts that are with the standard has been in- 
readily obtainable...easily and quickly assembled...made to accur- corporated. 


ate specifications. Management says reduce weight and cut unit costs. 


Many product designers have found a single way to solve all these How Foams Perform 
problems. They specify Hackney deep drawn shapes or shells. , 
These lightweight, seamless parts may be cylindrical, spherical, at High Temperatures 


conical or tapered...most any streamlined shape your designs call Urethane foam sandwich cores 





for. Capacities from one quart to 70 gallons. Flanges, openings, are much. stronger than silicone 
fittings or brackets placed where you need them. Just send us a foam cores of the same density at 
sketch of what you have in mind. Let us know whether you're think- temperatures below 300 F, recent 
ing of steel, stainless steel, nickel, aluminum, magnesium, copper tests show. 

or alloy. We'll send you the details. At 75 F, tension, compression 


and shear strength values for the 
urethane foam cores are several 
times as great as those for sili- 
cone cores of the same density. 
As temperatures increase above 
75 F, however, the urethane foam 
cores decrease in strength at 4 
greater rate than silicone cores. 
When temperature is increased to 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 
1442 South 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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7 Convenient Warehouses 
to serve you: 


PITTSBURGH (19) 
2850 Second Avenue 





all ti 


Select the production or service character- 
istic your product requires and you'll find 
HUSSEY COPPER exactly fills the bill. 

If production is a problem, rely upon the 
extreme ease of cutting, forming, stamping 
or spinning Hussey Copper and your choice 
of lock seaming, soldering or brazing for 
assembly. Consider, too, the smooth surface 
and bright finish on Hussey Copper that 
can save you many finishing operations. 


HUSSEY COPPER 


IS INDICATED FOR YOUR PRODUCT 








All these ‘‘work-savers’’ mean faster pro- 
duction, fewer and less complicated fabri- 
cation operations and minimum finishing. 

For dependable service in your product, 
Hussey Copper offers lifetime durability, 
freedom from corrosion failure, excellent 
heat transfer or electrical conductivity. 
Hussey Copper is an original equipment 
specification that assures low cost produc: 
tion and unsurpassed product quality. 





C. G. HUSSEY & COMPANY 
(Division of Copper Range Co.) 


ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 


CLEVELAND (3) 
5318 St. Clair Avenue 

NEW YORK, 

LONG ISLAND CITY (6) 

34-39 Thirty-first St. 
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CHICAGO (18) 
3900 N. Elston Avenue 


ST. LOUIS (1) 
Central Terminal Bidg. 
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PHILADELPHIA (30) 
1632 Fairmount Avenue 


CINCINNATI (37) 
1045 Meta Drive 
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prove it works 
before you go into 
production 





Machine that part from polystyrene and let us investment-cast 
it in the metal you plan to use. Test it and, if some change is 
indicated, repeat the process until you have the final answer. This 
cut-and-try method of proving a design and an alloy saves you 
a lot of time and money. 

Polystyrene machines readily and is inexpensive. Complex 
patterns can be made in sections and assembled, then cast as a 
unit just as they’d be investment-cast in quantity. Thus parts 
for testing are exactly like you'll get in production, but they cost 
far less than cutting them out of metal. 


Technical Data Available 


When your idea is on paper, but before you start to make the 
polystyrene patterns, send us a blueprint. We'll figure the shrink- 
age factor for you, suggest possible gating arrangements and 
design modifications which may effect further economies. 

The pamphlet, A Guide for Making Polystyrene Patterns, de- 
scribes methods of machining and names sources from which 
this material can be obtained. For a free copy, write Precision 


Metalsmiths, Inc., 1077 East 200th Street, Cleveland 17, Ohio. 





pour yourself an assembly with 


INVESTMENT CASTINGS 
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about 500 F, strengths of the two 
cores are about equal, and much 
lower than room_ temperatur 
strengths. 

V. C. Setterholm and E. \y 
Kuenzi, of the Forest Products 
Laboratory, recently conducted » 
series of tests to determine 
strength properties of sandwiches 
with these cores at elevated tem. 
peratures. They also determined 
weight and dimensional stability 
of the cores after exposure to 
100 F and 100% RH. 

Their findings: 

Tensile strength—F latwise ten- 
sile strength of sandwiches with 
cores of foamed-in-place silicone 
resin decreases with increasing 
temperatures. Average strength 
values decrease from a high of 19 
psi at room temperature to a low 
of 0 psi at 700 F. The scattering 
of strength values at all tempera- 
tures below 700 F indicates a con- 
siderable amount of nonuniform- 
ity within the foam. Although the 
silicone foam adheres tightly to 
the facings, examination of failed 
specimens shows that the weakest 
point in the foam appears to br 
at a point immediately adjacent to 
the bond between core and facing. 

In urethane foam cores, tensil 
strength decreases very rapidl) 
with increasing temperature, th 
most rapid losses occurring at 
temperatures between 300 and 
400 F. Average tensile strength 
values for sandwiches with cores 
of urethane foam having a density 
of 11.9 to 12.2 lb per cu ft are 96 
psi at 300 F and 5 psi at 500 F. 

Compressive strength—F latwise 
compressive strength of  sand- 
wiches with cores of foamed sili- 
cone resin also decreases with in- 
creasing temperature. At 75 F, 
sandwiches with a core in the den- 
sity range of 17.3 to 17.5 Ib per 
cu ft are about twice as strong as 
those with cores in a density 
range of 12.6 to 13.3. Heating 
specimens at 300 F for 192 hr has 
little effect on the compressive 
strength of cores in the density 
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Our new Sales Service Labora- 
tory in Bartlesville, Oklahoma has one 
aim in life: to help you make the most 
of versatile MARLEX S50 polyethylene. 
Whatever your potential application, 
our staff is at your service. For more 
information, ask our Plastics Sales 
Representative who calls on you. Or 
get in touch with our nearest District 
Office listed below. 


New Product Opportunities 
with Tough 


MARLEX 5 


POLYETHYLENE 

















Filaments are extrusion-drawn under 
carefully controlled conditions at our 
Sales Service Laboratory. Here we can 
show you how to “tailor make” 
MARLEX 50 filaments for dimensional 
stability at elevated temperatures and 
with desirable stress-strain properties. 
Yarns and fabrics can be manufactured 
from this new plastic with conventional 
equipment and techniques. 






MARLEX 50 monofilaments are easily 
extruded. They combine exceptional 
strength with low elongation. You can 
color them as brilliantly as a peacock’s 
plumage, yet they will not stain. Never 
before have you had a fiber available 
which could do so much at such low 
cost. And talk about durability! 
MARLEX 50 fabrics can face the rigors 
of life in home and commercial laun- 
dries. Dry cleaning holds no terrors 
either, for MARLEX 50 textiles come 
up smiling every time. 





Shoe uppers, indoor and outdoor 
upholstery, shower curtains, draperies, 
sailcloth, fishnets, tarpaulins, filter 
cloths, and rubber reinforcement are 
but a few of the attractive textile uses 
for this unique new filament of 
MARLEX 50 polyethylene. In cordage, 
MARLEX 50 is adapted for many ap- 
plications, from a surgeon’s suture to 
hawsers on the towing bitts of a tug. 


*MARLEX is a trademark for Phillips family of olefin polymers. 





PLASTICS SALES DIVISION, PHILLIPS CHEMICAL COMPANY 


NEW ENGLAND 
DISTRICT 


GEneva 4-7600 


/ 322 Waterman Avenue, 
OFFICES | East Providence 14, R. 1. 


NEW YORK AKRON CHICAGO 
80 Broadway, Suite 4300 318 Water Street, TH S. York Street, 
New York 5, W. Y. Akron 8, Ohio Elmhurst, til. 


Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 


A Subsidiary of Phillips Petroleum Company, Bartlesville, Oklahoma 


WESTERN SOUTHERN & FOREIGN 
330 Security Bldg., | Adams Building, 

Pasadena, Calif. Bartlesville, Oklahoma 
RYan 1-6997 Bartlesville 6600 
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sex Formulator 


chem-o-sol® is Super Plastisol... 


Chem-o-sol is our trade name for specially 
formulated polyvinyl dispersions (plastisols), 
which free the designer from the limitations of 
conventional materials. Inherently versatile 
aremnes of their “liquid solid” nature, these 

ps rsions Offer unlimited opportunity to solve 

problems and to develop new products, new 
Sarees new characteristics. They are simple to 
apply, whether adapted as coatings and finishes 
or as shaped components. 


To give you the ultimate in this new pro- 
duction tool, we operate the world’s largest 
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— The World’s 
Largest 


” he World’s 


Methods Plant 
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plant — with the most modern facilities for 
research, application method development, and 
production of specialized formulations. 

Call on these facilities to improve your 
present production, create new products, open 
entirely new fields. 


e 
Chemical Products 
CORPORATION 
KING PHILIP ROAD ¢ EAST PROVIDENCE, R. |. 
Member Vinyl Dispersions Division of The $.P.I. 


See opposite page for technical dato 
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chem-o-sol’® 
unlimited 
TECHNICAL DATA 


Chem-o-sol is supplied as a liquid and 
when fused at temperatures in the vicinity 
of 350°F. (some lower fusing compounds are 
available) results in a tough, resilient solid 
with all the outstanding physical and chem- 
ical properties associated with the polyvinyl 
chloride resins on which Chem-o-sol is based. 
Listed below are some of the properties 
which are available in Chem-o-sol in al- 
most any combination: 


COLOR 


Available in any desired color. 


TENSILE STRENGTH 
As required within the range 1,000 psi. to 
2700 psi.* 


PERCENT ELONGATION 
350 to 600* 


HARDNESS (Shore A.) 
As required within the range 10 to 100. 


FLEXIBILITY 


A fused section of Chem-o-sol is flexible at 
temperatures as low as —65°F. 


CHEMICAL RESISTANCE 


Highly resistant to most acids, alkalies, de- 
tergents, and to a wide range of oils and 
solvents. 


HEAT RESISTANCE 


Equivalent to other versions of vinyl based 
compounds. Chem-o-sol, with resistance to 
temperature of 225°F. for as long as 2000 
hours and to temperature of 450°F. for 
over two hours is available. 


DIELECTRIC STRENGTH 
Minimum of 400 volts per mil when fused 
in sections 3 mils thick and over. 


SOLIDS CONTENT 


100% — Chem-o-sol can be molded in very 
thick sections. Reproduction of mold surface 
is excellent. 


APPLICABILITY 
Chem-o-sol is readily applied by dipping, 
die wiping, molding, casting, spraying, or 
spreader coating. 


VISCOSITY 


As required for application method. 


*As measured by Model IP-4 Scott Tester. 


Send For Chem-o-sol Brochure 
When writing to us, use Page 10 of your 
chem-o-sol brochure as a guide to outline 
your project or new end use for Chem-o-sol. 
As soon as we know your requirements, our 
entire resources will be put to work. 


Chemical Products 
CORPORATION 
King Philip Road « East Providence, R. |. 


Member Vinyl Dispersions Division of The S.¥.1. 
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ranges of 12.6, 13.3, 15.2 and 15.9 
lb per cu ft, but the strength o: 
cores with a density of 17.3 to 
17.5 is 38% than their 
strength after heating for only 
15 min at 300 F. 

Flatwise compressive strength 
of urethane foam cores also de- 
creases with increasing tempera- 
ture. Urethane foam cores heated 
at 300 F for 192 hr have greater 
compressive strength and greater 
stress at proportional limit than 
cores heated for only 15 min at 


less 


this temperature. Compressive 
strength of the sandwich core in- 
creases 4%, and compressive 


strength of the core material in- 
creases 45%. 

Shear strength — The average 
shear strength of silicone foam 
cores varies from a high of 12 to 
16 psi at room temperature to a 
low of 4 to 6 psi at 700 F. The 
highest shear strength values of 
silicone foam cores tested at 700 F 
were found with specimens having 
a density of 15.2 to 15.9 lb per 
cu ft. 

Heating urethane foam cores 
for 15 min at 300 F causes a 
slight reduction in average shear 
strength and shear modulus at 75 
F; above 300 F the shear strength 
and modulus decrease rapidly. 
Heating specimens for an addi- 
tional 192 hr at 300 F has no ad- 
verse effect on the shear strength 
of the core. 

Urethane cores with average 
densities of 9.7 and 18.6 ft and 
silicone cores with a density of 
12.4 were exposed to high humid- 
ity for 21 days at 100 F. The 
weight and size of the silicone 
cores were not affected by expos- 
ure to high humidity, but the ure- 
thane cores increased in both 
weight and dimension. 


Rubber-Base Adhesive 
Joins Canvas, Ribbons 


A water resistant, rubber-base 
adhesive developed especially for 








EVEN A HOT 


550 F 


can’t faze 
the finish 


when it’s 


SILICONE 
HEAT RESISTANT 





FINISH 


| 

| ONLY SICON 
‘*takes"’ the 550°F. 

| temperature reached 

| in sections of this 

| Preway heater grille. 






| ONLY SICON pro- 
tects this “Direction 
Flo-Grille’ where 
| temperatures often 
| reach above 500°F. 





SICON Saves Costly Redesign! 
The upper grill of the famous PREWwAy 
heater often reaches a surface tem- 
perature of 550°F. Here, the use of 
an organic finish was found to re- 
quire raising grille to protect lower 
| part. But in tests SICON protected so 
well that re-design proved unneces- 
sary! SICON in smart decorative colors 
can protect your product too —and 
save money besides! Write for proof. 









Brochure shows how SICON achieves 
more product appeal—withstands 550°F. 
temperatures without loss of color or 
gloss. Write for copy today. 


Bie wee 


The original Silicone Finish, mfd. only by 


IM'PLanD Sadia, 


Dept I-1, Waukegan, Illinois 
ENAMELS - SYNTHETIC - LACQUERS - VARNISHES 








circle No. 493 
19S 


For more information, , 


SEPTEMBER, 1957 ° 
























PLASTICA Waitt 





FREE SAMPLES 


SHAW TECHNIQUES GIVE BETTER RESULTS | 


Benefit from our wealth of experience with | 


all plastics. If you have a design problem, 


we'll be glad to send you molded samples | 


in the material you are considering. Check 
below and mail this ad, or write us about 
your project. 


SAMPLE CHECK LIST 





([] polyethelene ([_] butyrate 
(] acetate ) phenolic 
(J styrene [_] melamine 
() alkyd [] urea 

[] nylon 

[] acrylic 






— () polyesters 
= y, () ethy! cellulose 


Shaw’s unexcelled reputation as a 
custom molder extends over half 

a century. Perhaps our experience and 
advanced facilities can help you. 

SHAW INSULATOR COMPANY, 146 Coit St., 
Irvington, N. J., and Stroudsburg, Pa. 


SEND FOR 
BROCHURE 3 
“SHAW takes the 


problems out of << 
plastic molding.” ~~ 


a 
Ss H Aw 


custom molds all plastics 
by TRANSFER +» COMPRESSION + INJECTION 
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joining fabrics and porous mate- 
rials has been introduced by Ray- 
bestos-Manhattan, Inc., 1020 Simp- 
son St., Bridgeport 2, Conn. Desig- 
nated Ray-Bond R-87001, the ad- 
hesive is said to instantly join 
the ends of ribbons, elastic bands 
and other fabrics without slowinz 
production. 

The adhesive, applied by extru- 
sion or brush, has a_ tensile 
strength (canvas to canvas) of 
104 psi after 1¢ min and 112 psi 
after 24-hr aging. According to 
the producer, the adhesive should 
set for 24 hr to develop highest 
tensile strength, but joined parts 
may be used immediately after 
pressing together. The adhesive 
is not recommended for use where 
heat or solvents are present. 


Fast Metallizing 


National Research Corp., 70 
Memorial Drive, Cambridge 42, 
Mass., announced recently the de- 
velopment of a high speed vacuum 
metallizing process that is said to 
produce highly reflective metallic 
coatings on plastics film, textile 
fabrics and, ultimately, paper, The 
process is said to make possible 
a virtually flawless metallized sur- 
face on plastics film used for 
metallic yarn, automobile interior 
trim, luggage, shoes and other 
applications. The developer claims 
the process is easy to control and 
that rolls of plastics film up to 60 
in. in width can be metallized at 
speeds as high as 400 fpm. 


Phenolic Compounds 
for Use in Appliances 


Appliance parts molded from 
two new phenolic compounds re- 
cently developed by General Elec- 
tric Co., Chemical Materials Dept., 
1 Plastics Ave., Pittsfield, Mass., 
are said to withstand boiling 
water and oven-hot temperatures. 

One compound, designated GE 
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MEEHANITE CASTINGS ARE MADE ONLy 
BY MEEHANITE FOUNDRIES 


The American Laundry Machinery Co. 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works, St. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N. J. 

Blackmer Pump Co., Grand Rapids, Mich. 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 

Continentai Gin Co., Birmingham, Ala. 

The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 

Crawford & Doherty Foundry Co., 
Portland, Ore. 

Empire Pattern & Foundry Co., Tulsa, Okla. 

Florence Pine Foundry & Machine Co., 
Florence, N. J. 

Fulton Founcry & Machines Co., Inc., 
Cleveland, Ohio 

General Foundry & Mfg. Co., Flint, Mich. 

Georgia Iron Works, Augusta, Ga. 

Greenlee Foundry Co.. Chicaco, Ill. 

The Hamilton Foundry & Machine Co., 
Hamilton, Ohio 

Hardinge Company, Inc., New York, N. Y. 

Hardinge Manufacturing Co., York, Pa. 

Johnstone Foundries, Inc., Grove City, Pa. 

Kanawha Manufacturing Co., 
Charleston, W. Va. 

Koehring Co., Milwaukee, Wis. 

Lincoln Foundry Corp., Los Angeles, Calif. 

Nordberg Manufacturing Co., Milwaukee, 
Wis. and St. Louis, Mo. 

Palmyra Foundry Co., Inc., Palmyra, N. J. 

The Henry Perkins Co., Bridgewater, Mass. 

Pohiman Foundry Co., Inc., Buffalo, N. Y. 

The Prescott Co., Menominee, Michigan 

Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 

Ross-Meehan Foundries, Chattanooga, Tenn. 

Sonith Industries, Inc., Indianapolis, Ind. 

Standard Foundry Co., Worcester, Mass. 

The Stearns-Roger Mfg. Co., Denver, Colo. 

Valley Iron Works, Inc., St. Paul, Minn. 

Vulcan Foundry Co., Oakland, Calif. 

Washington Iron Works, Seattle, Wash. 

Dorr-Oliver-Long, Ltd., Orillia, Ontario 

Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 

Otis Elevator Co., Ltd., Hamilton, Ontario 


SEND FOR 
FREE 
BULLETIN 41 
TODAY 





Meehanite Metal as a Material 
for Forming & Stamping dies 


Write today to Meehanite Metal 
Corporation, Department 1A, 
714 North Avenue, New Ro- 
chelle, New York. 


MEEH ANITE’ 


For more information, circle No. 472 a 
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to-form Meehanite metal dies 


Longer service life is obtained with 
Meehanite dies because of their bet- 
ter wear resistance and freedom from 
galling, scuffing and scoring. Mee- 
hanite metal, combining the most 
desirable properties of gray iron and 
steel, is one of the most versatile 
die materials available. 


Meehanite dies provide high strength 
and toughness combined with ex- 


cellent self-lubricating properties. 
Dies made in Meehanite metal take 
on a permanent glass-smooth finish 
and assure long runs of flawless press- 
ings and shapes. Meehanite dies are 
used successfully for deep drawing 
and shaping all steels and non-fer- 


rous alloys. 


Substantially lower production costs 
are achieved by casting large and 


Increase die life and lower production costs with cast- 


complicated die parts in one piece 
rather than building up die assem- 
blies. Machining allowances are held 
to a minimum and dies may be hard- 
ened by local or uniform heat treat- 
ing without distortion. 


For additional information, send for 
Bulletin No. 41 “Meehanite Metal 
as a Material for Forming & Stamp- 
ing Dies.” 


Steel airplane propeller blades that must be as 
near perfect as possible are manufactured with 
Meehanite dies that prevent distortion during 
quenching after heat treating. The dies shown 
contain cored passages through which cooling 
water flows. 


Meehanite dies have been used in drawing and 
forming operations for over 25 years by the Inger- 
soll Products Division of Borg-Warner Corporation 
in the manufacture of stampings for the auto- 
motive, farm equipment and home appliance 
industries. 


MEEHANITE BRIDGES THE GAP BETWEEN CAST IRON AND STEEL” 


MEEHANITE METAL 


MEEHANITE METAL CORPORATION, NEW ROCHELLE, 





NEW YORK 
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iOBLE M S 


PROPERTIES OF GE 12980 


SEAL RING P 








Impact Strength (notched Izod), ft 1b in 3 
Flexural Strength, psi 500 





Modulus in Flexure, psi 1.2 x 10 
Tensile Strength, psi 500 
Compressive Strength, psi 35 000 
. ‘ Water Absorption (24 hr) % 0.2 
As with most carbon, graphite or Dcdnetlt Merdisnas : MLI9 
Heat Distortion Temperature, F 380) 

molded metal powder products Dielectric Strength (60 cycles) 
made by Stackpole, recommend- a se 130 
50 





ation of suitable grades for me- 
chanical seal applications is a 12980, is suitable for use in either 
matter of careful “custom” engi- cold powder or preheated pill 
molding and can be molded at 
temperatures ranging from 300 to 
years of specialized experience in 370 F using standard molding 
this field really counts. Dozens of pressures. According to the pro- 
ducer, GE 12980 produces satin 
finished parts that can withstand 
subject to almost infinite varia- temperatures up to 500 F. This 
compound is recommended for use 
in skillet handles, coffee pot bases 
members. And Stackpole seal en- and other applications where tem- 
perature requirements are critical, y 


neering. That’s where over 50 


Stackpole standard grades are 
tion for either rings or mating 


gineers know their way around in a 
A second compound, GE 12981, ; 


is a medium heat resistant mate- 
almost any equipment or operat- rial that is designed to resist tem- 
peratures up to 400 F. This ma 


determining the best grades for 


ing condition. 


terial is suggested for industrial ( 
Send details of your seal ring applications such as circuit break- ' 
: ‘rs, cord connectors and thermo- 
needs for recommendation. ores, 
stat knobs where strength and ’ 


easy moldability are required. 


Two Insulating Resins 
Pour Without Solvents ) 


Two new silicone insulating 
sé H H ' ” resins, now available from Dow 
everything in carbon but diamonds Corning Corp., Midland, Mich., 
are said to pour freely without 


solvents. Identified as R-7501 and 
)) L O W ss F R C T I O N R-7521, the solventless resins are 


‘a 
__4 
H 100% silicone materials that, upon 
I Cc | utc h Ri ngs curing, are said to form void-free, 
Stackpole carbon rings frequently high temperature impregnations 
ea for electric and electronic parts. 


replace ball thrust bearings with 
appreciable cost savings. Room temperature viscosity of 
R-7521 silicone resin is 100 centi- 
stokes, compared with 2500 centi- 
STACKPOLE CARBON CO. stokes for epoxy resins. The low 
+ Saye Pe viscosity of the resin is said to 
permit quick saturation and pene- 
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Above: The various steps in forming Autoclips® from Anaconda 18% Nickel Silver strip, .637” wide by .013” thick. Below are individual 
Autoclips and those mounted in wire holders ready for insertion in Autoclip Applier, at left. Exclusive wholesale distributor for 
Autoclip is Clay-Adams, Inc., New York City. Below, left: Autoclips being used to attach skin towel to edges of incision. 


Selecting the exact Nickel Silver strip for this surgical clip 


THE PROBLEM: The Technical Oil Tool Corporation, Los 
Angeles, developed Autoclip, an automatic magazine-type 


clip and applier to close wounds or incisions faster and 
easier. Selecting the right metal for the clip was the prob- 
lem. A certain amount of tension was required to hold the 
wound edges together during healing, with the least amount 
of damage to tissues. In addition, the clip: had to open 
easily for painle ss removal. The metal should be easy to 
form, and retain shi arp, die-cut edges. 


THE SOLUTION: After several unsuccessful attempts 
with various metals, sample clips of the required gage 
were made of Nickel Silver. These silvery white copper- 


alloys have excellent resistance to corrosion in service or in 
storage and have been time-tested for surgical instruments 
and equipment. Technical specialists of The American Brass 
Company suggested Nickel Silver, 18%-719—one of four 
standard Anaconda Nickel Silver Alloys—as the one best 
suited to meet all the requirements including tension, 
formability, clean edges and sharp points. 

FREE TECHNICAL SERVICE: Metallurgists and _ tech- 
nical specialists in The American Brass Company, through 
their day-to-day work with a great variety of metal prob- 
lems, offer a tremendous breadth of experience. And this 
experience is at your disposal—to help you select the exact 
alloy, form, temper for vour job. Call your American Brass 
Company representative, or write: The American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 
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IN BEARING 
APPLICATIONS 








Availability of Sintered Powdered Metal Bearings ana 


Intricate ceramic parts—Volume 





machine parts from a fully competent and technically production of close tolerance ceramic 
responsible source opens the way to improvements in pars WS eee ee 

A is now possible with a unique ultra- 
mechanical products. sonic drilling technique. The tech- 


nique uses an_ electro-mechanical 


Bunting facilities for designing, engineering andi transducer that converts alternating 
current into mechanical force to 


manufacturing of Sintered Powdered Metal Bearings and vibrate an impact tool at 25,000 cps. 
parts are as comprehensive and responsible as the traditional Particles of abrasive in a slurry are 

: ° , driven with tremendous impact to 
Bunting competence in the field of Cast Bronze Bearings. reproduce an exact counterpart of 
the tool face in the ceramic work- 
piece. As a result, intricate orifices, 





A competent group of Bunting Sales Engineers in the field and multiple arrangements of holes and 
: . . slots, and other complex configura- 

a soundly established Prod E slots, anc 
. ar Sneereng Department put at tions are cut into the ceramic work- 


your command comprehensive data and facts based on wide piece in a single operation. 
experience in the designing and use of Cast Bronze and Sintered 
Powdered Metal Bearings and parts. 





tration of complex electronic as- 
semblies. Resin R-7501 has a room 
temperature viscosity of 2500 
centistokes and can be blended in 
any ratio with R-7521 to provide 
desired viscosities. The resins can 


be thinned by warming to 175 F 


Write for catalogs and your copy 
of the new 24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 






composition, before application. 
manufacture and Full cure of the resins is ob- 
application. tained with a peroxide catalyst 





and a step cure of 9 hr at tem- 
peratures up to 390 F. Shelf life 
of the uncatalyzed resins is over 
a year, and pot life of the cata- 
lyzed material is over six months 
eee! at room temperature. The resins 


Bu ntin 
g 
may be used as potting com- 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS pounds, alone, or with inorganic 
OF CAST BRONZE AND POWDERED METAL fillers. 


The Bunting Brass and Bronze Company « Toledo 1, Ohio * Branches in Principal Cities The cured resins are said t» 
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Sustained operating temperatures up to 400° F, as in guided missiles, are death to inferior electrical insulations and laminates. 
CDF glass-base laminates of Teflon*—the only laminates of their kind approved by the military—can take this punishment steadily. 


LATEST HIGH-HEAT INSULATION SYSTEMS 
NEED CDF GLASS-BASE LAMINATES AND TAPES 


Widest available range offers Teflon, epoxy, silicone, mica 


products for dimensional stability under continuous heat 


As components and equipment grow smaller, and heat 
becomes more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 


range of quality insulations be found under one roof 
as at CDF. 


FOR HIGH-HEAT PRINTED CIRCUITRY, CDF’ glass- 
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying ca- 
pacity. Constant operating temperatures of 300°F — 
soldering temperatures to 500°F — are readily met by 
these specialized CDF Dilecto® laminates. 


HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, with glass- 
cloth support. CDF tapes may be used either by hand 


wrapping or on automatic winding machines. Unsup- 
ported Teflon in colors available to meet MIL-STD 104. 


TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from Teflon — spa- 
ghetti tubing, rods, sheets, and machined parts to rigid 
specifications. 


NEW — cementable Teflon, bondable to itself and to 
other materials with commercial adhesives. 


SEE SWEET’S Product Design File, Electronics Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer. Then send your 
print or your problem, and we’ll return specific tech- 
nical data and test samples. 


*trademark of DuPont tetrafluoroethylene resin 


CONTINENTAL- DIAMOND FIBRE 


"A SUBSIDIARY OF THE £2 £/ COMPANY » NEWARK 25, DEL. 
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Kurz-Kasch announces an important 
development; the ability to mold epoxy 
parts—in intricate shapes, with in- 
serts—in large production quantities, 
with molding cycles and economy com- 
parable to conventional thermosetting 
materials. 


CPOXxy 


The material is molded by techniques 
developed by Kurz-Kasch from resinous 
materials supplied by Booty Resineers 
Inc., Newark, Ohio. 


ded 


It is no longer necessary to limit your- 
self to casting procedures to get the 
benefits of epoxy. Molding cycles are 
relatively fast; production costs are 
therefore low. Tooling costs are com- 
parable to other high-pressure plastics. 





These parts have exceptional toughness, 
ability to hold inserts, resistance to 
moisture and most chemicals, and ex- 
cellent insulating properties. Call your 
nearby Kurz-Kasch representative for 
quotes on parts molded of this material 
to your specs. Kurz-Kasch, Inc., 1415 
South Broadway, Dayton 1, Ohio. 


kurz-kasch 














New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; Atianta, Cedar 7-5516; 
Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadclphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; 
Pasadena, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis, Parkview 5-9577; Toronto, Oiiver 7586 
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Silicone resin (right) penetrates 
sand in much less time than epoxy 
resin (left). 


have good dielectric and mechani- 
cal properties, good moisture re- 
sistance, and good thermal con- 
ductivity after prolonged exposure 
at temperatures of 400 F. The 
resins are also said to have good 
physical and electrical properties 
after intermittent service at tem- 
peratures up to 500 F. They are 
recommended for use in aircraft 
transformers, motors and elec- 
tronic assemblies. 


Fluorocarbon Tubing 
Made in Large Sizes 


Transparent, seamless tubing 
of Kel-F fluorocarbon plastic, is 
available in diameters from 2 to 
6 in. and in lengths up to 12 in. 
from Combs Engineering & Mfg. 


Flexible plastics tubing can be 
used as bellows. 


| 


i—~«.4 “~, 








Kitchen range hood manufactured by Broan 

















Mfg. Co., Inc., Hartford, Wisconsin. 








Blends with all colors-resists acids—easy to clean 


You get all 3 with products made of Crucible stainless 


~ 


They’re 3 selling advantages that put any product made of Crucible stainless 
steel way out ahead of the competition. This stainless steel exhaust hood, for 
example, cleans faster than any other kind. It has an eye-catching, smooth, 
shiny surface that withstands almost anything—even acids. And stainless 
steel’s glitter-grey look blends with any color—anywhere. In fact, Crucible 
stainless enhances other colors by reflecting them. (Think how dealer inven- 
tories drop when 1 color satisfies all needs.) And think how far ahead your 
product would be with these selling advantages of Crucible stainless steel. 
To find out more about Crucible stainless, write for the handy Crucible 
Stainless Steel Selector. Crucible Steel Company of America, The Oliver 
Building, Mellon Square, Pittsburgh 22, Pa. 


first name in special purpose steels 





Crucible Steel Company of America 


Canadian Distributor—Railway & Power Engineering Corp., Ltd. 
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Planning 
Heat Treating 
Mechanization? | 









Co., 428 8S. Cherry St., Walli: 
ford, Conn. According to the p: 
ducer, wall thicknesses of 0.060 
to 0.80 in. provide good high pre; 
sure resistance. The plastics tub 
ing is suitable for use in fue! 
gages. 













New, Improved Paints 
Protect Wood, Metals 


Seven new, improved coatings 
and paints have been developed 
during the past months. The de- 
velopments range from a refrac- 
tory coating for steel mills to a 
chromate coating for zinc, cad- 
mium and copper. A brief descrip- 
tion of each follows: 

RIC! 1. Coating for plastics 

An epoxy resin compound his 
been introduced by Smooth-On 
Mfg. Co., 572 Communipaw Ave., 
Jersey City 4, N. J., as a coating 
for plastics laminates and as a 
lining material for chemical tanks 
and barrels. Called Sonite SC-1, 
the material when cured has a 
Rockwell hardness of 75, a tensile 
strength of 23,000 psi, and an 
edgewise compressive strength of 
You get more than just salt baths electric 25,000. The epoxy compound, 
from Ajax. You get complete heat SALT | light yellow in color, is said to 
treating know how ... accurately | have a storage life of at least 12 
applied to your specific problem! BATH | months in a closed container. 

furnaces About 0.4 lb are required to apply 
a 1/16-in. coating to 1 sq ft of 
surface. 
2. Coating for wood 

A series of vinyl coatings, 
designated Lankote 200-H and 
produced by J. Landau & Co., Inc., 
Washington Ave., Carlstadt, N. J., 
can be sprayed at full solids con- 


i 


A Mechanized Desanding Operation 
This “‘jack-rabbit"’ mechanized salt bath line for 
electrolytic desanding of gray iron castings was 
designed and supplied in its entirety by Ajax. 










The extent of Ajax Electric experience in 
applying salt baths to specific heat treat- 
ing problems is evident in the Ajax engi- 
neering of mechanized installations, large 
and small. 

In hundreds of applications, complete 
heat treating cycles are handled automati- 
cally by conveyorized installations engi- 
neered from beginning to end by Ajax. 
























LET THESE AJAX REPRESENTATIVES HELP SOLVE 
YOUR HEAT TREATING PROBLEMS! 


ARLINGTON, TEX.: T. E. Nicklas Company, HAMDEN 18, CONN.: Joseph M. Halloran, 


















1015 Inwood Drive, P.O. Box 92 63 Mowry St.—Chestnut 8-3069 . ’ ° 
Crestview 4-7139 LOS ANGELES 22, CALIF.: A. W. Nash, tent (45% by weight) with either 
ATLANTA 9, GA.: C. B. Rogers Associates, 2112 S. Atlantic Blvd.—Angelus 9-7304 h | . hni 
1000 Peachtreet St., N.E., P.0. Box 7086 | MOUNTAIN LAKES, N. J.: Roger Stuart Brown, ot or cold spraying techniques. 
Station C—tTrinity 5-8196 7 Point View Place—Deerfield 4-0578 ‘ ° ° * 4 
BALTIMORE 15, MD.: Edward R. Talone, NASHVILLE 4, TENN.: H. R. Miles & Assoc., The heavy coating material is said 
4313 Elderon Ave.—Forrest 7-6799 2508 Franklin Rd.—Cypress 2-7016 to offer high film thickness per 







CLEVELAND 13, OHIO: Anderson-Bolds, Inc., ; 
2012 W. 25th St.—Prospect 1-7112 Tas teat br Bg een 
DENVER 2, COLORADO: E & M Equipment Co., ° i 
2415—15th St.—Glendale 5-3651 ORINDA, CALIF.: George H. Thurston, 
- 1 Estates Court—Clifford 4-5411 


= J. E. Bullock, . , 







pass, good corrosion resistance, 
low application cost and long life. 
According to the producer, the 














ELMHURST, ILL.: 0. M. Haseltine, 310 Renshaw Bldg.—Atlantic 1-3721 R é a 
129 N. York St.—Terrace 2-7107 SEATTLE 4, WASH.: H. E. Hartley, coatings are nontoxic, odorless, 

GLENSIDE, PA.: John P. Clark, Jr., 230 Hudson St.—Mohawk 7120 : ag 
124 S. Easton Rd—Turner 7-1776 or 1777 TONAWANDA, N. Yi: tasteless and nonflammable. The) 

GOSHEN, OHIO: Ralph D. Hawkins, . C. Towne, Jr., Charles Percival, Jr., ai , ¢ et 
Box 196—Parkway 1-6444 1456 Niagara Falls Blvd.—Ambherst 1468 adhere fairly well to ferrous m 














als and very well to wood, plaster 
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some people have queer notions about 






























Many a plant, uneasily aware that it is missing the profits Here's a typical multiple-specimen 


of radiographic inspection, still holds back for one mis- setup . . . seven castings radiographed 
simultaneously with a T.O. model 402 


taken “reason” or another. Here are some we run into... panoramic Cobalt 60 unit 


" us h The compact source capsule 
out of my league’... costs too muc Sasly. due a, Oia 





BS Not so. An iridium 192 machine costing as little as $1700 may be ond hollow vessels to 

Y, ( , F radiograph “‘inside out.’’ 
fully adequate to your needs. Indeed, average equipment cost is . : 

le- less than $2500. 


ic- sat 
needs a specialist to run 

d- On the contrary, a practical on-the-job training course in our 

Cleveland laboratory (free tuition to buyers) equips any intelligent 


employee with all he has to know. 
takes forever to make a radiograph 
‘4S Not so. You can x-ray Ll” steel in 30 seconds, 3” sections in 4 min- 


)n utes with the Cobalt 60 sources available today. 


gamma radiographs are no good costs nothing to find out 


Not so. If you use the right source for the right job you'll have 





a ; : ee ; what radiography can do for you. Simply 
cs no trouble getting the 2% detail sensitivity required by exacting 

s a call in your local Picker representative* or 
inspection codes. 

, write us outlining your problem (and if 
‘ *a/ e s . . 

a it's dangerous; we’re afraid of it possible, sending typical samples). We'll 
le No reason to be: Technical Operations. modern equipment is safe make tests and tell you frankly whether 
in , ; ta0-h: » 

, and simple-to-handle. radiography holds any promise for you. 
F not for me; my stuff is different Because Picker offers both x-ray and iso- 
i) We don’t know what your business is... but if whatever you make tope equipment, we have no axe to grind 
9 (or buy or sell) needs “seeing into’ for quality control, radiography for any particular method. 
r. {either gamma or X-ray) can profit you as it does others — your ‘Vitanits enihialilet do ida dlitetth allies 
ep competitors included, near you (see local ‘phone book) 
f PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N. ¥ 
| | | ) 

3, SOME OF THE TECHNICAL OPERATIONS GAMMA RADIOGRAPHY UNITS MARKETED AND SERVICED BY PICKER X-RAY 
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Iridium 192 Unit Cobalt 60 Unit Cobalt 60 Unit Cobalt 60 Unit Iridium 192 Unit Source Changer 





one stop for everything in radiography and fluoroscopy 





For more information, turn to Reader Service card, circle No. 549 
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it’s not 













nailed 
down, 
It’s 
Fansteel 
77 Metal 






























Show-goers at the Fansteel Exhibit are invariably 
astonished by the weight of 77 Metal. Many assume 
that it is actually “fastened” to the display table. 


Fansteel 77 Metal’s startling weight provides the solution to 
many engineering problems. . . especially those concerning in- 
ertia Or momentum, counter balancing, vibration control and 
shielding. Its use is recommended whenever the objective is . 


Maximum Density in Limited Space 


HOW HEAVY? Twice as heavy as steel, 50% heavier than lead. 
(.613 lbs. per cubic inch.) 


HOW STRONG? Tensile strengths to 140,000 psi. Transverse 
rupture to 270,000 psi. Elongation to 10%. 


HOW EASILY MACHINED? Machines like cast iron... 


takes fine finishes, close tolerances. 


HOW ECONOMICAL? Made by powder metallurgy of pure 


tungsten, copper and nickel, waste of materials 
is limited, machining costs are cut. 


Fansteel 77 Metal Is The Ideal 
Material For Use In... . Aircraft 


aileron counterweights, Rotors, Governors, Balance 
Weights of all types, Radiation Shielding, Vibration 
Damping Devices. 





Write for this free booklet 





K565A 


F FANSTEEL metatcurcicat corporarion 


NORTH CHICAGO, ILLINOIS, U.S.A 
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and concrete. The coatings 
available in a number of colors 
3. Coating for hot steel 

A new refractory coating call 
Metal Part has been developed 
shield metal surfaces that com 
in contact with molten metal an. 
slag. Developed by H. K. Port: 
Co., Inc., Refractories Div., 250) 
First National Bank Bldg., Pitts 
burgh, Pa., the coating can bh 
applied to hot metal surfaces 
(700 F max). Containing graph- 
ite, calcined aggregates and min- 
erals, the paint can be used to 
coat steel ingot stools, slag pots 
and ingot buggy couplings. 
4. Coating for die castings 

Conversion Chemical  Corp., 
Rockville, Conn., has announced 
the development of a chromat: 
finish that produces iridescent 
films on zinc, cadmium, copper, 
brass and zine die castings. The 
product may be adjusted to give 
different iridescent bronze shades 
by varying plating bath pH, con- 
centration and immersion time 
According to the producer, corro- 
sion protection afforded by the 
coating is ample to meet all gov- 
ernment coating specifications. 
5. Coating for machinery 

A vinyl enamel coating that can 
be applied to machinery withou! 
interrupting work schedules has 
been developed by Wooster Fin- 
ishes Corp., Wooster, Ohio. Called 
Vinyl Enamel, the plastics emul- 
sion is nonflammable during ap- 
plication and fire resistant when 
dry. It is said to possess a non- 
offensive, nontoxic odor that is not 
noticeable to workmen in adjoin- 
ing areas. It dries to the touch 
in 1 hr and is dust-free in 4 hr. 
According to the producer, the 
coating forms a hard, glossy fin- 
ish that resists damaging effects 
of oil, grease, industrial fumes, 
excessive moisture and mild acids. 
It is reported to last for a number 
of years without deterioration. 
6. Coatings for boats 

Two new coating materials, a 
maintenance paint and a clear 






























with cold 
forging! 


Magnesium, Most companies and 


Oxygen-free engineering personnel 
” Copper, are well acquainted 
1- Zirconium, with Hunter Douglas’ 
3 High Strength activities in the field 


Aluminum Alloys = of cold forging alumi- 
num and aluminum 
alloys. Not so well known are our efforts 
in the production of magnesium and 
oxygen-free copper components by the 
same process. Recently, as the result of 
a concentrated Hunter Douglas research 
program, tubular zirconium was suc- 
cessfully cold-forged...an achievement 
which now opens the door to the fabri- 
cation of other rare and costly metals 
by our cold forging techniques. 

The field of cold forging is constantly 
expanding with many new successes 
destined for the future. 

Where stakes are high and being 
“first” assures a competitive advantage 


i 








| 
: R | oo P22uccns 
1 J. a aes ae 
‘ Among Hunter Douglas’ many achievements is the 
first successful cold forging technique for zirconium 
} ...@ metal believed unresponsive to this process! 
and = common metals, oe as oe eae this 
extensive research program is coming knowl- 
edge for meeting tomorrow's unusual Look Hunter D ouglas 
to Hunter Douglas for everything new in cold forging! 


Breaking fabrication 






h 


barriers in new materials 





—in lower cost, better design, grc.ter 
strength—an original approach to ycur 
fabrication problem will pay dividends. 

Hunter Douglas cold forging tech- 
niques, backed by an unmatched expe- 
rience in this field, frequently supply 
the missing key. Many fabrication prob- 
lems can be solved simultaneously by 
producing hollow, dense, zero-draft 
components meeting exact part geom- 
etry requirements and difficult perform- 
ance specifications. 

If you have production requirements 
in any of the metals now being regu- 
larly cold forged, we welcome the 
opportunity of reviewing prints and 
submitting quotations. Especially 
important, if you have an advanced 
program involving zirconium or other 
rare metals, we are in position to devote 
development facilities to the solution of 
specific high priority problems. 


Aluminum 


Division of BRIDGEPORT BRASS COMPANY 


Dept. MM-9, Riverside, California, Telephone OVerland 3-3030 
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SELF-LUBRICATING, long-wearing parts 
molded from Nylatron GS molyb- 
denum disulphide filled nylon pow- 
ders are selected for new series of 
aircraft and missile fuel pumps. 


Parts from NYLATRON® GS Molding Powders 


meet critical aviation requirements 


@ Performance specifications laid down 
by the aviation industry demand the 
very best in materials and design. Parts 
molded from Nylatron GS were chosen 
over Other materials for this important 
component after demonstrating these 
outstanding characteristics: 


Exceptional Dimensional Stability 

Low coefficient of linear expansion and 
minimum distortion after molding, pro- 
vides accurate, close tolerance molding. 


Low Surface Friction 
When wear parts must run dry, Nylatron 





NATIONAL POLYMER PRODUCTS, INC. 


A Subsidiary of The Polymer Corporation, Reading, Pennsylvania 


Export: Polypenco, Inc., Reading, Penna., U.S.A. 


For more infcrmation, turn to Reader Service card, circle No. 443 
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GS parts operate without lubrication. 


High Wear and Abrasion Resistance 


Part surfaces resist abrasion and demon- 
strate long wear in contact with metals. 


High Heat Distortion Temperature 


Nylatron GS parts provide higher modu- 
lus of elasticity and higher heat distortion 
temperatures than standard nylon 101. 


Chemical Resistance 


Nylatron GS parts are unaffected by 
hydrocarbons including JP4 fuel. 


NYLATRON GS nylon molding powder is a molybdenum 
disulphide filled nylon* developed to expand the field for 
nylon parts. It is produced by National Polymer Products, 
Inc., a subsidiary of The Polymer Corporation, Reading, 
Pa. Latest technical data or guidance in using Nylatron GS 
is readily available in answer to your request. 


*Patents applied for 


POLYPENCO 





PROPERTIES OF MARASET PAINTS 


T\ pe» No. V760, No. 7! 














Total Solids, %. 32 57. 
Coverz ge, sq ft/ gal 690 590 
Sward Hardness 50 50 





varnish, have been introduced b 
Marblette Corp., 37-31 30th St 
Long Island City 1, N. Y. Accord 
ing to the producer, both paints 
have been successfully tested in 
the chemicals, petroleum, automo 
tive, maritime and other indus 
tries. 

The maintenance paint, called 
Maraset No. 750, protects piping 
and equipment from the corrosive 
action of fumes, fluids, fuels and 
salt sprays. Recent 
that No. 750 paint is unaffected 
by one month’s immersion in sol- 
vents, salt water and dilute acid 
and alkali solutions. 

The clear varnish, called Mara- 
set No. V-760, is said to improve 
the appearance of natural wood 
grain on boats and chromium trim 


tests show 


on automobiles. 

Supplied with catalyzed thin- 
ners, both paints cure at room 
temperature and are particularly 
useful when the equipment to be 
protected is too large for an oven 
cure. They can be applied to auto- 
mobile bodies, marine and oilfield 
equipment, gasoline pumps, tank 
interiors, outdoor furniture and 
various types of machinery. 


Modified Acrylic Has 
High Impact Strength 


A modified acrylic molding pow- 
der called Implex has been intro- 
duced in limited quantities by 
Rohm & Haas Co., Washington 
Square, Philadelphia 5, Pa. Ac- 
cording to the producer, produc- 
tion is to be stepped up later this 
year and should reach full-scale 
commercial volume late in 1958. 

The new product has high im- 
pact strength, good stability, and 
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Plastiatreies 





<> 


DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION 


PLASTIC STOCK TEMPERATURE CRITICAL FACTOR 


IN INJECTION MOLDING 





Melt extraction heater, above, is a cylindrical device with exterior 70 
longitudinal grooves. Bottom of each groove has many perforations to 
provide passage to the groove. When cold plastic granules enter center 
of liner, they touch hot wall, melt and flow through holes to the groove 
and then forward to injection nozzle. Device replaces the torpedo of a 


conventional heating cylinder. 
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INCREASED EFFICIENCY OF MELT EXTRACTION HEATERS 
PROVIDES UNIFORMLY PLASTICIZED MOLDING MATERIALS 


Melt extraction heating of thermo- 
plastics shows promise of overcoming 
a long-recognized problem for injec- 
tion molders . . . that of providing a 
steady flow of uniformly plasticized 
material to the mold cavity. The 
design of a melt extraction heater 
eliminates the need to transfer heat 
through the plastic. Uniform tem- 
perature distribution in the plastic 
is assured because the means of re- 
moving the plastic from the heated 
surface restricts the material re- 
moved to that which is well melted 
(see illustration above). When the 
plunger exerts pressure on the gran- 
ules, the fluid polymer next to the 
inside surface of the liner flows 
through the holes into the grooves 
and through the nozzle to the mold. 


The advantages of providing uniformly 
plasticized material are several. Silver 
streaking, caused by overheating in 
localized areas can be eliminated. And 


discoloration and brittleness of plastic 
parts, associated with degradation of 
the polymer, may be reduced with 
uniformly plasticized material. 


The design and development of more 
efficient melt extraction heaters is 
one area now under study by Dow 
Plastics Technical Service engineers. 


This is but one of a continuing series 
of Plastiatrics studies which cover 
every phase of plastics formulation, 
design, molding and finishing. 


Send for Dow Technical Service bulle- 
tin entitled “Uniformity Considera- 
tions for Plastic Stock Temperature in 
Injection Molding” and a list of other 
areas under investigation. Write THE 
DOW CHEMICAL COMPANY, Midland, 
Mich., Plastics Sales Dept. 1545P. 


YOU CAN DEPEND ON 


For more information, turn to Reader Service card, circle No. 559 


\ melt extraction heater produces more than 
three times as much melted plastic at 0.8 efhiciency 
as an average conventional heater of comparable 
size. 





AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 


STYRON * 666 

STYRON 666M (Easy Flow) 
STYRON 665 (Extrusion) 
STYRON 689 (Easy Flow) 


HIGH IMPACT 


STYRON 475 

STYRON 475M (Easy Flow) 
STYRON777 (Medium Impact) 
STYRON 440 (Heat Resistant) 
STYRON 480 (Extra-High Impact) 


HEAT RESISTANT 


STYRON 683 
STYRON 700 
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PROPERTIES OF IMPLEX 





Tensile Strength, psi 5200 
Modulus of Elasticity, psi 220,000 
Elongation, % 0 
Flexural Strength, psi 2000 
Specific Gravity LM 
Heat Distortion Temperature, F 4 


Water Absorption (24 hr), % 





good heat and stain resistance. 
It contains no plasticizers and js 
said to have low water absorption 
and no unpleasant odor. Moldings 
can be machined, nailed and 
cemented. 

The molding powder is said to 
be particularly suitable for such 
applications as shoe heels, piano 
keys, razor housings, business 
machine keys, pen and _ pencil 
parts, knobs, valve parts and 
numerous types of housings. The 
powder is priced in the range of 
medium cost molding materials 
(56¢ per Ib), and is produced in 
white and in various colors. 











These floats mis cipuestag in one Epoxy Cement Seals 
piece and stay that way High Vacuum System 


Recent research shows that an 
Floats made by Rogers are molded in one piece of epoxy cement gives air-tight 
cellular rubber, an exceptionally buoyant material com- bonds between similar and dis- 
posed of myriads of sealed, gas-filled cells. The floats similar materials in high vacuum 
are puncture-proof, homogencous and uniform. Ridges, 
slots, grooves and other three-dimensional requirements 
are integrally molded. Levers can be attached during 


systems operating at high tem- 
peratures. 



















molding. At high temperatures two prob- 
Just as important, the rubber used for your floats is lems usually arise which limit the 
specifically formulated to withstand attack by the chemi- use of such ccnventional sealing 


cals it will contact. Fluid absorption is so low as to be 
insignificant—the sealed, gas-filled cells present a vir- 
tually impenetrable barrier to liquids. You get a float 
that stays afloat indefinitely. 


materials as waxes and greases. 
One is that dissimiiar expansion 
‘ates of unlike materials create 
strains within the bond which re- 





You can—as others are already doing—improve fluid 
control with Rogers floats. We welcome special require- sult in a mechanical weakening of 
ments. Write Dept. M, Rogers Corporation, Rogers, the joint and loss of the air-tight 
Conn., for further details. seal. The other is that vapor 


pressure of the sealing material 
increases as the temperature in- 
creases and the system reaches 
an equilibrium pressure limit. 





Ge, 


ecan 


CORPORA 





i ( ( ) NI From these two considerations 

a =a Wiee it is obvious that a vacuum Cce- 

: ROGERS CONNECTICUT ment should have an extremel) 
wm ee eee oe. We See oe Oe: Oe ee 2 a 2 low vapor pressure at operating 
DUROIDS » SHOE MATERIALS » ELECTRICAL INSULATION » PLASTICS » RUBBER + FABRICATING » DEVELOPMENT temperatures and a balanced co- 
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EXPANDER RING MADE 
FROM A NEW NICKEL-SAVING 
STAINLESS STEEL (TYPE 201) 


PIONEERED BY 
ALLEGHENY LUDLUM 


Newly-designed stainless steel 


OIL RING ASSEMBLY gives auto drivers S"“WAY ADVANTAGE 


BETTER OIL 
ECONOMY 


BETTER ENGINE 
PROTECTION 


LONGER 
ENGINE LIFE 





| 


WRITE for a copy of our “Technical 
Horizons” bulletin on the Allegheny 
200-Series stainless steels. 


ADDRESS DEPT: MM-93 








Oil rings do a very demanding job in an automo- 
bile engine. They control the amount of lubricant 
allowed to pass up to the compression rings and 
cylinder walls. In modern cars, with higher com- 
pression ratios, the tension of the oil ring ex- 
panders has had to be increased—and that’s where 
Allegheny Type 201 stainless offers advantages. 

Engine operating temperatures have virtually 
no effect on this new stainless alloy. It maintains 
constant tension whether the engine is hot or 
cold, permitting most efficient design for maxi- 
mum flow of lubricant when friction is greatest, 
and less flow when the engine is warmed up and 
requires less. Formerly, carbon steel expander rings 
suffered a tension drop when heated to engine 


operating temperature. Then under heat they took 
a permanent set, which caused the loss of ‘‘cold 
tension.’’ Allegheny 201 also has ended the prob- 
lem of expander breakage due to the corrosive 
action of engine deposits. 

This success story is just one of many being 
written with the new 200-series of low-nickel 
Allegheny Stainless Steels. Fabricating methods 
are virtually the same as with the higher-nickel 
300-series, but you'll find some advantage in 
cost, and much greater availability in times of 
nickel shortage. @ If these new steels seem to fit 
into your manufacturing or service picture, give 
us a call. Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 


WSW 68528 


Make it BETTER—and LONGER LASTING—with ® 








Allegheny Stainless 


AL 


ALLEGHENY 
LUDLUM 


Warehouse stocks carried by all Ryerson steel plants 


For more information, turn to Reader Service card, circle No. 469 
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efficient of thermal 


“STEPS" expansion 

cope with the expansion chars 
teristics of the materials involved 
IN THE Accordingly, a series of tests wer 
conducted recently by S. S. Sti- 
vala and V. L. Denniger, of the 
Dept. of Chemistry, Stevens In- 


stitute of Technology, to find 4 


RIGHT 


DIRECTION .. 


material that would successfull, 
bond unlike materials in a vacuum 
system operating at high tem 
peratures. 

The researchers used an epoxy 
cement consisting of 100 parts of 
liquid epoxy resin and 10 parts 
of triethylene tetramine. These 
were thoroughly mixed and al- 
lowed to partially polymerize at 
room temnerature before applica- 
tion. 


How cement performs 
Mechanical strength—Althougn 
the actual bond strength of the 
resin was not determined, the 
resin, when cured for optimum 


Today's Modern Miner does BETTER strength, can withstand approxi- 


mately 8000 psi in pure tension 
with UNITCASTINGS! and 18,000 psi in compression at 
room temperature; at elevated 
temperatures its tension and com 
Real proof of the continuous high quality of Unitcastings is pression are slightly less. The 
the fact that more than 99 percent of the total production of 
250,000 treads has been accepted! 








bond between glass and brass did 
not break down or separate at 
Continual operation in underground grit and dust subjects temperatures as high as 285 F. 
mining machinery treads to extreme abuse. Replacement is The epoxy resin bond showed no 
difficult and expensive, particularly on this section of the 
equipment, and parts must be made to last! 


sign of brittleness, cracking or 
separation after successive appli- 


For over a decade, the abrasion-resistance quality of Unit- cations of heat because it partial- 
cast’s T-Loy 34 has answered this tread problem—as well as ly softened and flowed to compen- 
many other special parts for the same equipment. sate for expansions of the unlike 
Take a step in the right direction, too—you’ll do better with materials. As a cement, the epoxy 
Unitcastings! They’re Engineered! resin could be expected to with- 





stand 2000 to 5000 psi at room 
temperature, depending on test 
UNITCAST CORPORATION ~* Toledo 9, Ohio conditions, methods of prepara- 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 





VAPOR PRESSURES OF VACUUM 
















CEMENTS: 
rf SPECIFICATION , 
Epoxy Resin L./ 
STEEL Beeswax 9.9 
Hard Wax 15.0 
CASTINGS Lacquer”... Poy I 
AS Ta ° cee ] ' 
EF At Stopcock Grease 


aMicroamperes ion current per milliampe! 
electron current. 
bBaked 4 hr at 390 F. 
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is ALITE your answer 


to a tough design problem? 


. 
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Some of the many shapes into which ALITE has 
been formed to solve difficult design and production 
problems for a wide range of products. 





ALITE—the high-alumina ceramic developed by U. S. Stoneware—has superior 
properties which make it ideal for many highly critical applications. And 

it could well be that Alite is that “special material” you’ve been seeking to 
meet a particularly difficult design requirement. 


i Among the outstanding characteristics of Alite are its extreme hardness, high 
|. mechanical strength, vacuum tightness, zero water absorption, excellent 

| resistance to abrasion, corrosion and nuclear radiation. The high temperature 
stability of Alite enables it to retain these properties at elevated temperatures 
(1300°C. to 1600°C. range). We can form Alite to virtually any shape, 

finish it to precision tolerances, metalize and braze it to metal components to 
produce high strength, hermetic Alite-to-metal seals. Pump pistons, sleeves, 
slide valves, seals, bearings and bushings are just a few possible 

mechanical applications for this versatile material. Alite’s low dielectric loss 
characteristics are utilized in many electronic applications. 


1- For detailed information 
ce on how Alite can meet 
V your design needs, write 
™ for Bulletins A-7R and 
A-20 today. 


If your specifications call for a material with any of the properties Alite 
possesses, it may pay you to have our ceramics specialists study your 
requirements. Send us your drawings for our recommendations or quotation. 


69F 





5>o © en 


ALITE pivision § UBB PHS te] Ta 7.4 d= 


AKRON 9, OHIO 


For more information, turn to Reader Service card, circle No. 417 
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A new “end” for 
corrosion problems in hose 


See how the patented Fluoroflex-T tube is carried 
through the fittings and formed over the flange face. 
Here is complete protection against corrosion because 
fluids cannot possibly come in contact with metal. 





This is the first time chemically inert jacketed fit- 
tings have been combined with chemically inert hose in 
a continuous integral assembly. 


Fluoroflex-T flanged hose assemblies eliminate the 
need for special consideration of the type of metal used 
in the fittings — either for anti-corrosion or contamina- 
tion needs. As a result of the continuous smooth bore 
construction, cleaning problems and entrapment of ma- 
terials are eliminated for all practical purposes. 


This hose handles active chemicals, solvents, gases 
and the most corrosive compounds. It is also applicable 
where vibration is a problem. It is non-aging .. . lasts 
indefinitely even at 500°F. 


See how Fluoroflex-T 
tube is carried 
through fitting and 
across face of flange. 





For frequent discon- 
nects, a modified 
construction is avail- 
able using a second- 
ary Fluoroflex-T jack- 
eted flange. This is 
replaceable, spares 
the major assembly 
from seal-damage. 






® Fluoroflex-T is a Resistoflex trademark, reg., U.S. off. 
® Teflon is a DuPont trademark. 






Originators of high temperature fluorocarbon hose assemblies 


esistoflex 


CORPORATION 


Roseland, New Jersey - Western Plant: Burbank, Calif. - Southwestern Plant: Dallas, Tex. 
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tion, and surface condition of { 
materials to be bonded. 
Although it 
quite difficult to obtain an abs 
lute value for the vapor pressu) 
of a material of this type, a value 
of 1.7 to 1.8 microamperes jon 
current per milliampere electron 
current at 75 F was obtained for 
the epoxy cement. This value is 
one of the lowest when compared 
with values obtained for other ce- 
ments and sealing materials. 

Dielectric properties—The 
epoxy cement has good dielectric 
properties, which should permit 
the use of wires and electrodes 
in a vacuum system. 

Chemical resistance 
which is often 
vacuum systems 
the epoxy cement. 

Low temperature properties— 
A vacuum seal was maintained 
for periods as long as one half 
hour at liquid nitrogen tempera- 
ture with no pressure change tak- 
ing place in the vacuum system. 


Vapor pressure 





Acetone 
in cleaning 
not affect 


used 
does 


Ceramic Used in 
Hermetic Sealing 


A new ceramic material for her- 
metic seal applications is said to 
give a highly reliable, leakproof 
seal at temperatures as high as 
700 F. Available from Consoli- 
dated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, 
Calif., and known as Ceramicite, 
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Hermetic seals made of new ¢ 
ramic material. 












ME Ta 


— 
S 





CRESCENT relies on REVERE 













UNDER THE CONTROL ROOM at the H. A. 
Wagner Station Unit #1 of the Baltimore Gas & 
Electric Company, showing Revere COPPER Tube 
at the right and left. Revere ALUMINUM tubes 
in CRESCENT ARMORED MULTITUBE are used 
for the long runs to this point because of the 
lower cost of aluminum tubing. 21 runs of 
ARMORED MULTITUBE comprising 140 alumi- 
num tubes enter this panel at top and bottom 
center. Note sharp bends that can be made with 
both Revere COPPER and ALUMINUM Tubing. 
MULTITUBE made by CRESCENT INSULATED 
WIRE & CABLECOMPANY, Trenton 5, New Jersey. 





for dependable performance of its instrumentation and control tubing 
REPORTS, “NOT ONE FAILURE.” 


The dependable performance of Revere Copper Tube in 
Crescent Armored Multitube*, ever since its inception, 
has led the CRESCENT INSULATED WIRE & CABLE 
COMPANY to fill its aluminum tube needs with Revere 
also. 

In fact, Crescent, since it first started using Revere 
Copper Tube in 1953, reports not a single failure. And 
that’s mighty important in instrumentation and control 
tubing service where utilities, chemical processing, pe- 
troleum, paper and similar industries can’t afford the 
luxury of process failures. 

Crescent Multitube, using either Revere Copper or 
Aluminum Tube, or both in combination, offers a com- 
pletely protected installation for permanence, lower orig- 
inal installation cost, lower maintenance and a saving of 
time, space and money. 

Crescent Armored Multitube consists of a group of 
Revere Copper or Aluminum Tubes, twisted together in 
cable form, protected by a flexible interlocked galvanized 
steel armor. Constructions are available employing plastic 
sheaths in combination with the armor for corrosive 


For more information, turn to Reader Service card, circle No. 529 


locations. Section of cabled tube pictured shows how 
Copper or Aluminum Tubes are encased inside the 
Armored Multitube. As many as 37 tubes of %4’/’ OD can 
be cabled in lengths up to 1,000 ft. 

For details on Multitube write Crescent and for uniform 
quality copper and aluminum tube, speedily delivered, 
see the nearest Revere Sales Office. *Reg. Trademark 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 


Mills: Rome, N. Y.; Baltimore, Md.; 
Chicago, Clinton and Joliet, Il; 
Detroit, Mich.; Los Angeles and 
Riverside, Calif.; New Bedford, 
Mass.; Brooklyn, N. Y.; Newport, 
Ark.; Ft. Calhoun, Neb. Sales Offices 
in Principal Cities, Distributors 
Everywhere. 
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Some Springs Have It...Some Don’t 


The difference in spring performance is most often due 
to the wire or strip used... and there’s more to a spring material than 
just the “bounce”. How about other requirements, such as 
corrosion resistance, high temperature properties, fatigue resistance 
and low temperature toughness. 
When your springs need any of these properties your 
best bet is one of our alloy spring materials. 
Riverside-Alloy Metal Division can supply you with spring wire and strip 
in stainless steels, nickel alloys, phosphor bronze and beryllium copper. 
Learn more about our spring materials. Write to 
Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. | : fii | 


Send today for our 
free handbooks 





ALLOY METAL WIRE RIVERSIDE METAL PRENTISS WIRE MILLS 
Prospect Park, Pa. Riverside, N.J. Holyoke, Mass. 


JA. JK. JPORTER COMPANY, IINC. 


RIVERSIDE-ALLOY METAL DIVISION | 
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the material is said to bond phy 
cally to most stainless steels. 

The ceramic may be used 
hermetically seal relay, transfo 
mer and transistor bases: dio 
closures; and other electronj, 
components. It is available 4s 
preformed pieces and as completed 
seal components. 


Synthetic Rubber Used 
to Make Truck Tires 


Butyl rubber military truck 
tires, the first such tires mack 
wholly from a mass produced syn 
thetic rubber, have successful!) 
passed grueling Army Ordnan 
cross-country and highway road 
tests. Ordnance engineers say the 
tires, which use no natural rub- 
ber, “represent the closest ap- 
proach yet to making this country 
free of dependence on natural 
rubber since the tires are made 
from a synthetic rubber available 
in commercial quantities.” 

Improved modifying agents 
added to the rubber are said to 
lower heat generated in the tire. 
In addition, the butyl tires are 
said to have excellent resistance to 
ozone cracking, deterioration and 
chipping. 

The all-synthetic rubber tires 
can be made on conventional tire 
vulcanizing equipment. This was 
made possible with the develop- 
ment of a butyl latex dip that per- 
mits the bonding of butyl rubber 
with the tire cord. 

Actual tire development was 
carried out by the Pennsylvania 
Tire Co. Div., Mansfield Tire and 
Rubber Co., in cooperation with 
Esso Research and Engineering 
Co. 


New Technique Bonds 
Soft Metals to Silicon 
A firm bond between soft 


metals, such as gold, silver and 
aluminum, and_ single crysta 
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.DRIVER-HARRIS ALLOYS AT WORK 


ADVANCEMENT] 
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Phase Shift Compensation Eliminated 
In New HELIPOT’ Precision Potentiometers 


SPECIAL D-H ALLOYS MAKE 
AIR-CORE WINDINGS PRACTICAL! 


Helipot’s purpose in designing its new, air-core wound series 7700 
Potentiometers was to make possible operation at higher frequencies 
with 0° phase shift—thereby eliminating compensation circuitry 

In nearly all multi-turn potentiometers, resistance wire is wound 
on an insulated copper-wire mandrel. This type of mandrel is used 
because it has uniform diameter, good heat conductivity and high 
thermal capacity. However, a disadvantage of such construction is the 
relatively large distributed capacitance between the resistance wind- 
ing and the mandrel. When such a potentiometer is used as an AC 
voltage divider, the output generally differs in phase and magnitude 
from the desired output. This interferes with the effective use of high 
accuracy potentiometers unless compensation is applied somewhere 
in the circuit. 

Helipot engineers desired to eliminate these problems by eliminat- 
ing the copper-wire mandrel. But the elimination of the mandrel also 


For more information, turn to Reader Service card, circle No. 506 


eliminated the support for the winding. Needed, therefore, was a type 
of wire that would make a self-supporting air-core winding. 

At Helipot’s request, Driver-Harris went to work with these speci- 
fications: The wire must be of dependabie uniform hardness so that 
in stretching it, equal spacing between turns is obtained, free of creep. 
This is essential to linearity. The wire also must be of unvarying di- 
ameter for uniform resistance. And its surface must be extremely 
clean—free of oxide coating to minimize contact “noise”. 

Driver-Harris produced the wire—a special hard-drawn form of 
Karma* and Nichrome* V. And Helipot produced its new 10-turn 
series 7700 potentiometers in a resistance range from 200 to 5000 
ohms. With this radically new air-core winding, linearity approaches 
the resolution of the unit without resort to padding or shunting. And 
phase shift in AC circuitry is reduced to less than 0.1°. 

Since 1899, Driver-Harris has produced 132 special-purpose alloys 
in just this fashion—in answer to a particular problem and extraor- 
dinary specifications. If your own engineering and product develop- 
ment plans currently hinge upon a special alloy—why not bring your 
problem to Driver-Harris. Your inquiry is invited. 





*T.M. REG. U.S. PAT. OFF. 


Driver-Harris Company 


HARRISON, NEW JERSEY ¢ BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco 


In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 







MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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semiconductor materials, such as pi 
germanium and silicon, is now C 
possible with a new bonding tech- 
nique called thermo-compression r 
bonding. Developed at Bell Tele- c 
phone Laboratories, the technique 
is used in attaching soft metal ( 
leads to semiconductor devices. 8 
Basically, the technique consists 
of using a heated element such as 
a wedge, flat or point to press 
leads against a heated semicon- 












Photo courtesy Nutone, Inc, Cincinnati 


Engineers Develop 
New Use for Rubber 


Rubber, normally used to reduce vibration, 
now can be made fo increase vibration 


Here rubber grommets serve as 
mountings for the tone bars in 
Nutone Door Chimes. To obtain 
maximum tone quality and reso- 


stock typifies the complete engi- 
neering and laboratory—as well 
as manufacturing—skill avail- 
able at Continental. Whenever 


ductor. Pressures of a few thou- 
sand pounds per square inch and 
temperatures well below the melt- 
ing point of both the lead metal 


and the semiconductor are used | 
to instantly bond the lead to the 
semiconductor. The technique re- 
quires no chemical flux and can be 


you need “engineered rubber 
parts’? — molded or extruded, 
natural or synthetic—call Con- 


nance required of these musical 

















chimes, the grommets must vi- 
brate compatibly with the tone 


normal dampening characteristic 
and be given this vibrant quali- 
ty. The slightest deadening ef- 
fect would destroy the rich tones 
and kill the tone hang. 

The successful development of 
this lively, age-resistant rubber 


Ctuotler ulvemot in RPUOBBLR 
©) cxpicnal yg CONTINENTAL 


tensive line of standard grom- 
mets, bushings, bumpers, rings 
and extruded shapes. Hundreds 
of these are shown in the No. 100 
Engineering Catalog. Send for a 
copy or refer to it in Sweet’s 
Catalog for Product Designers. 


on Steel and Titanium 


The Sea Horse Institute, which 
meets annually at the Harbor Is- 
land, N. C., marine testing facili- 
ties of International Nickel Co. to 
discuss developments in corrosion : 
testing, has come up with several 
interesting notes concerning cor- 
rosion of steel and titanium. 

A generalization that appears to 
be valid after years of testing is 
that corrosion of mild steel in pure 
sea water amounts to about 3-5 
mils per year, regardless of loca- 
tion. In the tropics, although rate 


bars .. . a truly unusual assign- __tinental, Specialists since 1903. used in mass producing electronic \ 
ment for rubber. Engineering catalog. parts. | 
Only by skillful compounding In addition to custom-made ) 
can rubber be diverted from its parts, Continental offers an ex- Effect of Sea Water ! 
f 





CONTINENTAL RUBBER WORKS «+ 1985 LIBERTY ST. + ERIE 6 © PENNSYLVANIA 
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of ack is higher, marine growth 
is stimulated and growth prevents 
oxygen from reaching the steel 
surface. In northern latitudes, ma- 
rine growth is retarded, but so is 
the rate of attack as a result of 
the low temperatures. 

Titanium apparently suffers no 
damage in sea water, regardless of 
exposure. In atmospheric exposure 
at the sea coast, an extremely thin 
film develops on titanium after 
five years exposure. By contrast, 
Hastelloy C is still mirror bright 
after 16 years. In general, titan- 
ium and stainless steel are about 
equal in resistance to attack. 

According to the Institute, cor- 
rosion fatigue of steel in sea water 
can be prevented by cathodic pro- 
tection, as shown by the following 
data based on tests conducted on 
steel wire specimens (106 cycles, 
25,000 psi tensile strength) : 


BEE 5 caigtth <aeds oa sn 76,000 psi 
WP dni ides 12,500 psi 
Sea water with cath- 

odic protection ..... 68,000 psi 


Ceramic Fiber Tapes 
Warn of Leaking Pipes 


High temperature insulating 
fabrics, available in various 
widths and thicknesses, have been 
introduced by Russell Mfg. Co, 
South Farms, Middletown, Conn., 
for service up to 1500 F. Made of 
ceramic fibers, the fabrics can be 
treated with silicone rubbers and 
epoxy and phenolic resins and 
molded into various shapes. 

In addition to insulation, the 
fabrics can be used as instrumen- 
tation tapes for both insulation 
and leak detection. When wrapped 
around pipes carrying metallic or 
radioactive fluids, the tape, con- 
sisting of two stranded Chromel 
Wires covered with reinforced 
ceramic fibers, acts as an insula- 
tion and in the event of a leak 
Causes an alarm-sounding short 
circuit. The producer says the tape 
Operates at 1500 F for 1500 hr. 








NOW! 


Low-Cost Backing Material Cuts Upholstery and Backing Costs 








AllFab is a revolutionary fabric of cardable fibers like wool, rayon, cotton, dynel, 
nylon and dacron combined with a resin binder. 


This thermoplastic binder has two big advantages: (1) AllFab will hold and give 
dimension to any embossed pattern, and (2) it is possible to electronic ‘‘stitch"’ 
or heat seal, eliminating sewing. 


Result: A felt-like fabric with a tremendous range of fiber combinations, using 
setections of diameters, lengths and gravities to meet your own specifications. 


Find out about this brand new all-purpose, non-woven fabric NOW. Put its 
special properties to use as a low-cost filler and backing material. Call sales 
office nearest you, or send coupon below. 


Properties 


Can use almost any cardable fiber or combination « Vary resin content from 
15-45% « Thickness from 46" to 1", specialities to 2” *« Weight from 4 oz. to 
16 oz. and up « Width from 16” to 80” but 72” preferred + Color within mix 


limits, natural shades 


One of the new family of Felts... 


Heart Feit = MiraFelt = Cut Felt Parts 
Filon d'Or ® AllFab ® and Unisorb ® 
MX-101 Dynel-Mat Machine Mounts 


Another Fabric First in... 





Manufacturers of Felt and Felt Products 








THE FELTERS COMPANY 
220 South Street, Boston 11, Mass. 
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Carburizing Fixture for Ball 
Bearings 1144” diameter— 
Analysis 35% Ni— 15% Cr 


HIGH ALLOY 
CASTINGS 





















Muffle for Continuous Strip Annealing 
























OFFICE AND 


EASTERN OFFICE: 
ATLANTA OFFICE: 
CHICAGO OFFICE: 
DETROIT OFFICE: 
































12’ 6” long — Analysis 38% Ni— 18% Cr. 


LARGE or small DURALOY, can do it! These are 
just typical examples of the work moving through our 
foundry. Some of these castings are designed for heat 
resistance, some for corrosion resistance, some for 
abrasion resistance; all are cast by experienced 
foundrymen. All are carefully tested in our 

up-to-date laboratory. | 
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If you have a high alloy casting problem... LARGE or 


small, we can help you. For more information, send 
for Bulletin No. 3150-G. 





PLANT: Scottdale, Pa. 
12 East 41st Street, New York 17, N.Y. 
76—4th Street, N.W. 

332 South Michigan Avenue 

23906 Woodward Avenue, Pleasant Ridge, Mich. 





Fuel tanks—continued from p 





tanks are given pressure and yj- 
bration tests. 

In addition to preventing jet- 
tisoned fuel tanks from being sgal- 
vaged (the reinforced plastics 
tanks shatter when dropped from 
an airplane), the plastics wing 
tanks offer the following advan- 
tages over aluminum: they are 
easier to produce, less costly and 
comparable in weight. 


Stud Welding Technique 
Extends Life by 50% 


Use of stud welding has re- 
sulted in extended lifetime, better 
performance and reduced cost for 
the steel floor plates used in U.S. 
Steel Corp.’s coke quenching cars. 

The coke quenching cars, used 
about 250 times in a 24-hr period, 
are loaded with 121% tons of flam- 
ing coke and then sped to a 
quenching tower where cascades 
of water bring the temperature 
down from 2100 F. Previously, 
the abrasive action of the tons of 
coke smashing against the floor 
surface, the corrosive action cre- 
ated during the quenching proc- 
ess, and the thermal shock effect 
of the high temperature coke sud- 
denly being cooled, caused severe 


KSM Products, = 
Underside of car showing location 
of studs through supporting me- 
bers. Studs are installed by using 4 
simple template. 




















































OVER-DESIGNING ? 


If you are designing bronze parts for mass 

production, there is a good chance that you are 

specifying a more costly alloy than you need. 
ASARCO’s patented continuous-casting 

process produces alloys according to SAE, ASTM 

and Government specifications. But their 

performance is entirely unlike that of similar ' 

alloys cast in sand or permanent molds. i 

Relatively low-cost alloys cast by the ASARCO 

process perform like more expensive alloys 

cast by other methods. 
For example, compare Continuous-Cast 

SAE 660 (ASARCON 773) with more 

expensive sand-cast alloys: 










































rom 
ing 
an- 
are 
and Typical Typical Brinell 
Yield Strength Impact Strength Hardness 

ASARCON 773 27,000 psi 12.5 ft.-Ibs. 72 
Sand-Cast SAE 62 20,000 psi 8.7 ft.-lbs. 65 

Sand-Cast SAE 64 17,000 psi 8.2 ft.-Ibs. 62 


Unless you’ve checked to see whether the 

unique ASARCO bronzes can give you what you 

need, there’s a possibility that you’re 

over-designing. You may even be able to replace 

aluminum and manganese bronzes with 

low-cost ASARCON Continuous-Cast bronzes 

under certain conditions. Over-designing 

can be expensive in mass production, 

even if you are spending only a penny-or tWw6™" = 

extra per pound of bronze. 
ASARCON 773 (SAE 660) is readily 

available from stock in a wide range of sizes. 

An added bonus is the fact that ASARCON 773 | 

is exceptionally free-machining. Rods, tubes, 

and numerous “extruded” shapes up to 

9 inches in diameter are cast to order by 

ASARCO in more than 20 alloys. 


We'll be happy to send you a free booklet 
describing the process and the product: 
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Continuous-Cast Products Department 


AMERICAN SMELTING AND REFINING COMPANY 
Perth Amboy Plant, Barber, New Jersey ¢ Whiting, Indiana 





WEST COAST SALES AGENT: Kingwell Bros. Ltd. 457 Minna Street, San Francisce IN CANADA: Federated Metals Canada, Ltd., Toronte and Montreal 
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new... booming... stainless steels 
call for consistent analysis 




















































MANGANESE 99.9% MINIMUM 





CARBON 


SULPHUR 


IRON 


0.004% MAXIMUM 





0.024% MAXIMUM 





0.001% MAXIMUM 





HEAVY METALS 


PHOSPHORUS 


0.005% MAXIMUM 





NOT DETECTABLE IN 25 GRAM SAMPLE 





i Gtee). 


HYDROGEN 


SPECTROGRAPHIC TRACES ONLY 





0.015% MAXIMUM 


and ELECTROMANGANESE™ has it 


Stainless steel is on the move. Industry after industry 
is attracted by its recent strides in transportation equip- 
ment, appliances, architectural trim, household and 
store furnishings. And of all the stainless steels, the most 
stimulating seem to be the new 200 Series, characterized 
by high manganese, low nickel, content. 


But—high manganese content also means consistent 
analysis in this critical alloying agent. The percentage 
of each impurity must be known and consistent in melt 
after melt. This calls for the purest commercial mangan- 
ese available . . . Foote electrolytic manganese. Electro- 
manganese, by trade name, consistently provides 99.9% 
manganese content in the analysis shown above. If you 
have a hydrogen proble m, even this can be reduced to 
7.9 ppm maximum in a Hydrogen- Removed grade. 
Nitrided manganese is available in Foote’s high-purity 
Nitrelmang.“ ‘But just as important as consistent anal- 
ysis is economy. And here Foote’s alloying agents en- 
able you to get the necessary manganese content in the 
most efficient way 


The 17 years’ experience in manganese alloyi ing avail- 
able from Foote’s Electromanganese Division is an im- 
portant first step when you decide to really pursue the 
growing stainless steel market. A letter will bring a 
Foote engineer to your desk. Or, you can get further 
information by writing to our Technical Literature De- 
partment, Foote Mineral Company, 408 Eighteen West 
Chelten Building, Philadelphia 44, Pa. 





SALES OFFICE: Electromanganese Division, Knoxville, Tennessee 
RESEARCH LABORATORIES: Berwyn, Pennsylvania 


PLANTS: Cold River, N. H.; Exton, Pa.; Kings Mountain, N. C.; 
Tenn.; Sunbright, Va. 


Knoxville, 
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ELECTROLYTIC MANGANESE METAL © WELDING GRADE FERRO ALLOYS ¢ STEEL ADDITIVES « COMMERCIAL MINERALS AND OXIDES 
e@ ZIRCONIUM & TITANIUM (IODIDE PROCESS) e LITHIUM METAL, CHEMICALS AND MINERALS e STRONTIUM CHEMICALS 





damage to the car’s steel fiogoy 
plates. In fact, the floor plat; 
had to be changed every 15 or 1¢ 
weeks. 

As a result of the switch from 
countersunk head bolts to stud 
welding, three major advantages 
have been achieved: 

1. Since the plates now form an 
uninterrupted floor surface, leak- 
age to the undercarriage of the 
car is held to a minimum. The 
lifetime of the car’s chassis js 
therefore extended. 

2. The operating time of the 
cars before a change of floor 
plates is required has been in- 
creased by about 50%. 

3. Shop costs of repairing a car 
have been cut drastically. 


Silicone Rubber Ducts 
Withstand Heat, Cold 


When the new Douglas DC-8 
airplane is completed it will have 
in its construction more silicone 
rubber than any other aircraft 
yet produced. Various types and 
grades of silicone rubber will be 
used in high temperature ducting 





Celanese “Corp. ¥ of aaserie \ 


Prefabricated plastics pool — 
Latest in the growing list of plastics 
swimming pools is the one shown 
here made of fibrous glass-reinforced 
polyester resins. Unlike most conven- 
tional pools, this model is bolted to- 
gether at the site and then lowered 
into the hole. 
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AND COSTS LESS! THANKS TO ENJAY BUTYL! 


Flexible irrigation “pipe” and ditch liners fabricated from Enjay Butyl rubber are 
helping farmers and growers conserve water by assuring maximum irrigation from 
available water supplies . . . and at lower cost! Combining flexibility with strength 
and portability, the ‘“‘pipe’’ allows irrigation of different areas with the same equip- 
ment in a one-man carry operation. Both “‘pipe’’ and ditch liners are impervious to 
weather and highly resistant to soil acids and bacteria. These systems are manu- 
factured by the Carlisle Corp., Carlisle, Pa., and are distributed by Bono Products, 
Inc., Taft, Texas. 


Enjay Butyl may well be able to cut costs and improve the performance of your 
product! Low-in-cost and immediately available, this truly wonder rubber has been 
put to profitable use in a wide variety of industrial and consumer products. For fur- 
ther information, and for expert technical assistance, contact the Enjay Company. 


Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akron Boston Chicago « Detroit +» Los Angeles * New Orleans + Tulsa 


BUTYL 


Enjay Butyl is the greatest rubber 
value in the world. It’s the super- 
durable rubber with outstanding resist- 
ance to aging « abrasion « tear e 
chipping +» cracking +» ozone and 
corona « chemicals + gases « heat e 
cold « sunlight « moisture. 
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HARRY WOLFF Co., Inc. 


Auburndale, Massachusetts 
prolongs life 
of $5000 
RADAR 
TUBES 

swith 


3D 


MICRO- 
VISION 

















A tiny burr on this tuning crown will burn off at normal operating 
temperatures and cause radar tube failure. Precision components like 
this are made of metals that cost over $100 per pound. The tube costs 
up to $5000. Obviously, rejects and failures are prohibitively costly. 





That’s why Harry Wolff Co., Inc., uses Bausch & Lomb Stereomicro- 
scopes to check 368 different edges of each tuning crown. Inspectors 
see the work right-side-up, clearly magnified in vivid 3-dimensional 
detail. Burrs are quickly revealed, and easily scraped off. 







And that’s why Harry Wolff, president, says: ‘““We consider the B&L 
Wide Field Stereomicroscope as important to us as a precision lathe.” 


g GET THIS EXCLUSIVE 
FREE: 3-D MICRO-VISION BOOK 


See actual stereo views! 
Know how and where 
to use Stereomicro- 


SIaUGRLOVSERCABAON\E SME scopes. Choose 



















7 exact model for job 
q > needs, with unique 
2 Selector-Chart. Write 
Vv today for Manual D-15. 
Bausch & Lomb Optical Co., 






83321 St- Paul St., Rochester 2, N. Y. 





America’s only complete optical source... from glass to finished product. 
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General Electric Co. 
Silicone rubber ducting and duc} 
connectors used on Douglas airplane. 


for de-icing, defrosting and heat- 
ing systems, and for window and 
hatch seals and other airframe 
enclosures. 

Silicone rubber was chosen be- 
cause of its excellent performance 
at temperature extremes and be- 
cause it does not give off toxic 
fumes or obnoxious odors in high 
temperature service. In addition, 
the rubber is lighter than compar- 
able metal parts, is free from 
metal fatigue, reduces noise levels 
and is easier to install than rigid 
materials. 

The material is claimed to be 
capable of withstanding 1000 hr 
exposure to air ranging from 350 
to 700 F at pressures up to 150 
psi. At temperatures as low as 
~100 F, the material is said to re- 
tain complete flexibility. 


Curtain Wall Panels 
Need No Finishing 


Porcelain enameled steel panels 
that are complete with exterior 
and interior finish, insulation, 
structural independence and means 
of attachment, are providing the 
recently completed Miami Beach 
Federal Building with an efficient- 
ly insulated curtain wall. 

Manufactured by the Trucson 
Steel Div., Republic Steel Corp.., 
the outside face of the panel is 
composed of porcelain enamel on 
16-gage enameling iron. The in- 
side face is 18-gage carbon steel 
sheet that has been electrogalvan- 
ized, bonderized and finished with 
two coats of baked enamel. T° 
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if you are concerned with 
processing that involves tem- 


peratures ranging upwards 


to 4000° 


if your progress in 
processing depends upon 


materials of high purity. 


if it would help you to 
obtain a modern material 
with unusual electrical 


characteristics. 


Here is a valuable reference book that tells you all about the 
chemical and physical characteristics of such materials as 
CRYSTOLON* Silicon Carbide, aLuUNpuM* Aluminum Oxide, 
MAGNORITE* Magnesium Oxide, Fused Zirconia and Boron 
Carbide. 

Describing how these electrochemically refined materials 
react under varying conditions, this book gives you plenty of 
facts on materials that are helping to solve processing 
problems. 

Get this useful help towards solving your own processing prob- 
lems. Write today for your free copy of ‘“‘Norton Refractory 
Grain.”” Norton Company, Refractories Division, 349 New 
Bond Street, Worcester 6, Mass. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


You May Profit 
From This Book 
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NORTON 


REFRACTORIES 
Engineered... 


Giaking better products... 
fo make your products better 


oe aes eae a se a 


NORTON PRODUCTS: Abrasives «+ Grinding 
Wheels «+ Grinding Machines + Refractories 
BEHR-MANNING PRODUCTS: Coated Abrasives 
Sharpening Stones + Behr-cat Tapes 


... Prescribed 
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That’s why the trend 
is to MAGNESIUM! 


Manufacturer, distributor, consumer .. . all are penalized 
by excess weight every time a product is lifted, handled, 
processed, or shipped. 

That’s why design engineers in many fields of manufac- 
ture are switching to magnesium. You'll find magnesium 
in automobiles, office machines, industrial equipment, 
consumer goods such as luggage, furniture, household 
appliances . . . wherever weight and cost are important. 
Lightest of the world’s structural metals, magnesium 
can be cast, formed, extruded, drawn or worked into 
virtually any size or shape! Tooling costs are lower... 
machining, fabrication, processing, handling, assembly 
costs too! Magline Inc. has worked with many companies 
in the development of better products at lower cost... 
through the application of magnesium. Put this expe- 
rience to work for you. Four plants to serve you... with 
complete facilities for cast or fabricated products. 


MAGLINE INC., P.O. BOX 419, PINCONNING, MICH. 


Canadian Factory: Magline of Canada, Ltd., Renfrew, Ontario 











Check interest 
‘77 / y | ° [] Die Castings [] Sand Castings 
= fel 7 4 7 a fr O Permanent Molds [] Fabrications 
Company 
Please send copy 
of Bulletin M-50. Address 
City Zone State 
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assure a permanent flat surf: 
the curtain wall panels, the | 


POree- 












lain enamel steel faces were syb- 
jected to a load test of 45 lb per 
sq ft; flatness did not deviat, 
more than + \ in. 

The insulating core of the cuyr- 
tain wall consists of a l-in. thick 
layer of lightweight concrete. 
anchored to the outside face by, 
clips. The remainder of the cor 
is made up of a 1-in. thick board 
of fiberglass held between the con- 
crete and the inside steel face. 
When the panels are fixed in place, 
the wall is completely finished. 


New Phone Is Molded 
of Styrene-Acrylonitrile 


A new concept in telephone de- 
sign—a 914-in. high, one-piece 
unit with the dial located in the 


underside of the base—is being 





Molded_ styrene-acrylonitrile 
phone has transmitter, receiver and 
dial (in base) all in one compact unit. 





























STAINLESS 
STEEL 

“sub MAKES THE 
~ §} DIFFERENCE 





or J ,..1ts effect on the 


oard 

v ° 

““ ff sale of new designs 
dace, 

d. 

ed  _— gain prominence through 
. the effectiveness and saleability of 
‘ile their work. The sales appeal of stain- 
e de- less steel is a powerful tool for selling 
piece new designs. It has turned many de- 
the sign ideas into profitable products. 
eing 


The recognized merits of stainless 
steel, such as strength and corrosion 
resistance, make it equally “right” for 
housewares, jet engine parts, or chem- 


ical equipment. These qualities plus 





a variety of finishes have put stainless 
into planes, trains, cars, cafeterias, 
and scores of other places. 


For more facts about stainless steel 





see your supplier. For a free copy of 
“Stainless Steel in Product Design” 
write: ELECTRO METALLURGICAL 
COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. 


METALS DO MORE ALL THE TIME 
«++ THANKS TO ALLOYS 


a This 40-page book will give you 
lectr om ef important facts about selecting 
FERRO-ALLOYS AND METALS aye ag stainless steel. Write 









rile 
a nd 
unit. 


The terms ‘“‘Electromet”’ and ‘“‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 


For more information, turn to Reader Service card, circle No. 489 
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150,000,000 Standard Fastenings... 
Bolts, Nuts, Screws, Rivets, Washers 
ready for IMMEDIATE DELIVERY 


Be Specific . .. get the 
exact corrosion-resistant fastenings you need— 
right away 


.. Don’t Compromise . 


from your nearby Harper Distrib- 
utor. He stocks thousands and thousands of them 
to give you quick service. He’s an expert in 
fastenings and will give your order specialized 
attention. Why shop? Why wait? He has what 
you need . on hand BEFORE you order. 
They're as near as your phone. Call your local 
Harper Distributor today for immediate delivery 


THE H. M. HARPER COMPANY 


8201 LEHIGH AVENUE-MORTON GROVE, ILLINOIS 








HARPER 
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P.S.1 
THOUSANDS O 


TENSILE - slo 











Irrefutable proof of Harper's greater metals’ strength shown by laboratory test ! 















*By R. W. Hunt Laboratories 


An important point in buying fastenings 
is strength. Independent laboratory 
tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 






















































Dial and line connector are placed 
in base of phone for convenience. 


molded of a styrene-acrylonitrile 
copolymer. 

The new phone, called Ericofon 
and manufactured by North Elec- 
tric Co., incorporates several new 
design features: 

1. A “standswitch” placed in 
the underside of the base and in 
the center of the dial (see photo), 
performs the usual line-connecting 
operations. When the phone is 
lifted, the line is connected; when 
replaced, it is disconnected. 

2. The receiver and transmitter 
are located in the upper and lower 
portions of the one-piece unit. 

3. As a result of the concentra- 
tion of components, electrical con- 
nections are kept to a minimum. 
Compared to conventional phones, 
the number of soldering joints, 
terminal screws, wiring, etc., has 
been reduced by nearly 50%. 

The selection of styrene-acry- 
lonitrile copolymer (supplied by 
Union Carbide Corp.) was based 
on several factors: light weight; 
resistance to impact, scratches 
and stains; and availability in a 
variety of colors. 


First Welding Fittings 
Forged of Zirconium 


What are believed to be the first 
welding fittings of zirconium and 
Zircaloy 2 have been forged by 


€ For more information, circle No. 520 





















in ot 2 —. fe 


ome 





placed 
ce, 


‘itrile 


cofon 
Elee- 


| new 


din 
nd in 
oto), 
cting 
ne is 
when 


utter 
lower 
t. 

ntra- 
-con- 
mum. 
ones, 
ints, 
, has 


acry- 
1 by 
yased 
ight; 
tches 
in a 


4) 


first 
and 
1 by 


520 











AT WORK 





Tube Turns, Div. of National 
Cvlinder Gas Co. 

“The fittings, designed for a 
nuclear energy application, are 
claimed to provide excellent re- 
sistance against the attack of a 
wide variety of corrosives; are 
relatively strong at moderately 
high temperatures; and have a 
low thermal neutron absorption 
cross section. The fittings are 
available with 1.5-in. o.d. and 
0.065-in. wall. 


Chromium Plated Steel 
is Better Potting Mold 


A new method of potting elec- 
trical connectors on missile and 
aircraft wiring harnesses is said 
to save 10 min on each operation 
as well as to eliminate messy 
molds. 

Developed by Chance Vought 
Aircraft, Inc., the new method 
makes use of chromium plated 








Zirconium vessel—Shown here is 
What is claimed to be the first com- 
mercially produced zirconium reac- 
tion vessel. Fabricated by Pfaudler 
Co., Rochester, N. Y., the 2-gal vessel 
is said to have outstanding resistance 
to selected environments. In the plan- 
ning stage are zirconium vessels 
ranging in size up to 1000 gal. 


—— 
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Put your SPECIAL problem to 
the Harper FLO-FORM team 


This small but tricky eyebolt (reproduced here in giant 

size) was redesigned and produced by Harper at a 50% 
saving. The Harper Flo-Form Process employs highly 
special techniques to produce parts of economical design, 
with greater strength and durability, and without scrap 
loss. Call on the Harper Flo-Form engineering team of 
design, metallurgical, and tooling specialists to help you 
save dimes to dollars on parts which you find costly to 
manufacture. Use their more than 33 years of know-how. 
See what you, too, can save on corrosion-resistant fasten- 
ings and special parts, Send your problem today to The 
H. M. Harper Company and ask for the Flo-Form catalog. 


Meet Harper Application Engineer, 
WILL BOYES 





From Rochester, serving busy Western New 
York State and the Province of Ontario, 
you'll find Mr. Boyes. Will is another exam- 
ple of Harper Flo-Form Engineering Service 
which brings to design and production engi- 
neers the experience and know-how that 
solves special fastening problems. 


THE H. M. HARPER COMPANY 


820! LEHIGH AVE., MORTON GROVE, ILLINOIS 
























































The Harper infinity symbol, 
as shown above, and 

the name FLO-FORM are 
registered trade marks of 
The H. M. Horper Company. 













KLIXON C4391 
Hermetically 
Sealed Thermostat 





KLIXON (C4344 
Hermeticalls 

Yert ae 

OU itausleien 


Beryllium copper 





springs provide the 
---High Fatigue 
Resistance 
--- Non-Magnetic 
Properties 
required in these dependable 
KLIXON Motor Relays and Thermo-Snap* 


controls, that’s why... 

























New potting method uses ¢liyo- 
mium plated steel mold. The clea 


Springs “click’’ with | plastic covering the bottom of th 


finished product (right) is peeled off 


K ys and remelted. 
LIXON! 


steel molds instead of aluminum 
molds previously used. 

With chromium plated steel 
molds, sticking is completely elim- 
inated. To keep the molten resin 
from leaking through the mold 
and fouling up the electrical parts 
on the open face of the connector, 
the mold with the connectors in it 
is dipped into a liquid bath of 
cellulose acetate butyrate resin. 
When dry, the resin forms a cap 
which seals off the exposed por- 





Coe 



















Klixon Current Type Motor Starting 
Relays, noted for quiet operation and 
trouble-free service, employ I-S 
precision-made Beryllium Copper 
compression-type springs. Klixon 
Thermo-Snap Controls, sealed against 
dirt, oil and atmospheric pressures, 
use I-S Beryllium Copper switch 
blades to provide 
long trouble- 
free life. 
*Thermo-Snap and KLIXON 


are Registered Trademarks 
















of Metals & Controls Corporation j | tion: afterwards, it is easily 
ee Sh a en so nn em es ences ae a a VD ta acti alas wiped off and remelted. 
Pi i" | With aluminum molds, either 
: Specify i-S Beryllium ; the polysulfide resin potting com- 
Co er Sprinas for— . pound stuck to the metal and had 
pp p Gg to be scraped off, or, if a petrola- 
; * High strength *Corrosion resistance tum coating was smeared inside 
* Exceptional resistance « Stability at tempera- . = mold, this had to be wiped off 
to fatigue ture extremes ;| after each operation. 
| * High conductivity *Reduced space needs’ | 
IF YOUR PROBLEM INVOLVES SPRINGS .. . Consult I-S. 
Our we ee ent — a pa 5 4 No Metal Contact 
to jet aircrait — 1s avallable to aid you In the design an evelopment " = . . 
| | alee. ste recommendations on omnia eautadons, just seit or | in New Ladling Unit 
write outlining your requirements. Consult Sweet’s Product Design . Bah stn 
File or write are ail the new I-S General Catalog. 8 ; ; Composed entirely of special re- 
! , ractory materials, a new auto- 
; INSTRUMENT --- PROCESSED” 1 matic ladling unit is designed so 
I SPECIALTIES CO. INC. ' that the molten metal being ladled 
224 Bergen Bivd., Little Falls, N.J. cannot come in contact with any 
\ Telephone: Little Falls 4-0280  —-*ERYt1um COPren oe Ps metal structure. Manufactured by 
Lg SE 2 Es ge a 14 Lindberg-Fisher Div., Lindberg 
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brand new finish with 


GIETIET TTA Duran permanent protection 


of 


PLASTIC MATERIALS 
vinyl sheeting 

















e Can be laminated to flat metal 
sheets or continuous coils 





eas e Can be crimped, shaped, bent 
1 off or drilled ... just as the metal 
itself, without damage to bond 


e Use existing equipment 












































lum 
e No chipping or flaking 
_ ¢ Resists fire and abrasion 
sin e Cleans easily 
nold 
a INDUSTRIAL PRODUCTS DIVISION 
wai THE MASLAND DURALEATHER CO. © 
. ; Amber and Willard Streets 
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cap AND STYLING EFFECTS TO 
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ee ee ee Coomiota 
Send for this folder TODAY =<, 
Also INDUSTRIAL PRODUCTS DIVISION 
ask about THE MASLAND DURALEATHER CO., DEPT. MM 
— AMBER AND WILLARD STREETS, PHILADELPHIA 34, PA. 
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At your command... 


PILOT PLANT 
FOR METALS 


How do you explore full production conditions and 
produce prototype quantities of castings and 
new alloys? 


Use the Westinghouse Metals Plant. This combi- 
nation development and pilot plant facility provides 
the place where your new metal ideas and develop- 
ments can be scaled up under proved production 
conditions. Here you can compare various types of 
metallurgical processes and products. 

Some production capacity can also be made avail- 
able at Blairsville for fast, dependable delivery of 
metal products. 

Arrange to see the 16-mm, full-color, 22-minute 
Westinghouse film, This New World of Metals. Also 
get descriptive booklet B-6570, For a Competitive 
Edge. Write Westinghouse Electric Corporation, 


Materials Manufacturing Dept., Blairsville, Pa. 
J-05004 


You CAN BE SURE...1F ITS 


Westinghouse 


For more information, turn to Reader Service card, circle No. 518 
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Engineering Co., the unit is used 
in the processing of many type; 
castings, especially aluminum 
and permanent mold castings 


Flexible Plastics Plate 
May Cut Printing Costs 


A presensitized, lightweight. 
flexible plastics printing plate de- 
signed for use in letterpress print- 
ing, has been developed by the 
Photo Products Dept. of E. I. du 
Pont de Nemours & Co., Inc. 

The plastics printing plate is 
ready for use after exposure 
through a high contrast photo- 
graphic negative and washing in 
a simple water solution. A chem- 
ical change in the light sensitive 
plastic during exposure forms an 
image on the plate and unexposed 
areas are “washed out,” leaving a 
relief of up to 0.040 in. Du Pont 
says that field testing of the plas- 
tics printing plates will begin this 
year and that commercial quanti- 
ties should be available some time 
in 1959. 


Extruded Steel Tubing 
Cuts Cost of Inserts 


A switch from solid steel bar 
to extruded steel tubing resulted 
in a saving of 47¢ per ring on the 
valve seat inserts used by Cleve- 
land Hard Facing Co. 

The tubing, extruded by Alle- 
gheny Ludlum Steel Co., is sup- 
plied in 11-ft lengths. Outside 
diameter is 1.9 in. In addition to 
eliminating a drilling operation, 
the extruded tubing yields 2'2 
times as many rings as does an 
equal weight of solid bar stock. 


Tubing makes cheaper rings. 








nt- 


du 
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The Outlook 


Aluminum production and prices increased 

By mid-1959, increasing aluminum production is 
expected to add 680,000 tons to the present U.S. 
capacity of 1,775,000 tons—an increase of approxi- 
mately one-third. There are some observers who feel 
that this is more aluminum than is needed. 

In the meantime, the price of primary pig has been 
increased by 1¢ per lb. (The increase, incidentally, 
is reported to average out at about 4%. The recent 
steel increase was also reported to average 4% and 
this coincidence will no doubt whet the appetites of 
Congressional investigators who are now in the midst 
of large scale hearings on “administered prices.’’) 

The price increase comes at a time when consump- 
tion is down about 10% and producer inventories are 
at high levels. Two things seem to be apparent: 

1. The increase in aluminum price coupled with 
the drop in the price of copper, reduces the price 
advantage which aluminum has had over copper. 
Since 1947, aluminum had enjoyed a sharp price 
advantage and had gained as a replacement material 
in construction and electrical applications. 

2. The metal which the aluminum producers now 
“put” to the Government under their contracts will 
go to the Government at the higher price since the 
contracts provide for the Government to pay the 
prevailing market price at the time “put.” 


Zinc ‘tax’ will raise prices 

Imposition of a tariff or “tax” on importation of zinc 
will have widespread effects on prices of many widely 
used materials. Zinc is vital for construction, for the 
automotive industry and for die castings. Any in- 
crease in the price of zinc is immediately applied 
to all products using zinc. 

Another important aspect of the imposition of a 
tariff on zine is the broader implication with regard 
to tariffs on other metals and minerals. Certain 
groups are already preparing presentations for simi- 
lar treatment. Materials involved are chromium, 


AND SUPPLY 


by Herman B. Director, Consultant, Washington, D.C. 


tungsten, manganese and fluorospar, all of which are 
used in the production of basic steel. 

Tariff increases on these materials, on top of the 
zinc and lead duty, lay the foundation for another 
round of price increases even before the latest 
increase in steel prices has settled down. Producers 
of zinc-bearing materials such as copper tubing are 
also attempting to use the zinc tariff as a basis for 
protection of their copper products. The net effect 
of all this is that the product manufacturer will pay 
the bill and presumably will have to pass the increase 
along to the ultimate consumer. 


Plywood consumption up, prices down 

Plywood prices continue to decline in spite of the 
fact that consumption for home building is increasing 
—1957 usage thus far is 11% higher than it was in 
1956 and nearly double that of 1954. Primary reason 
for this seems to be an oversupply of plywood. 


Platinum prices cut 

The price of platinum has dropped $8 per oz, from 
$92-95 to $84-87 per troy oz. Conditions which pre- 
vailed at the time we forecast a price decrease 
(MATERIALS & METHODS, Mar ’57) are still in evi- 
dence, and further price drops may be in the offing. 
Actually, the effective market price has been below 
the quoted $84-87 range for some time. 

Indications of another decrease in platinum prices 
come from reports that the jewelry trade has shifted, 
for the most part, to palladium, which is quoted at 
$23-24 per oz. (Small lots are reported to be available 
at as low a price as $16 per oz.) 


Cobalt in plentiful supply 

Now that the Government has virtually ended its 
cobalt stockpiling program, there is an abundant 
supply of cobalt available. World production has 
increased from 7,100 tons in 1950 to 16,000 tons in 
1956, and since cobalt uses were severely restricted 
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The Outlook—continued 





during wartime emergencies, engineers generally 
tended to design away from cobalt. In addition, now 
that nickel is easier to get, less cobalt is being used 
for alloy steels. New technology in magnets has even 
reduced cobalt’s use there. The only constant area 
of consumption left seems to be in the chemical 
industry where it is used as a pigment or drier. 


Zirconium and hafnium production to increase 
Production of zirconium and hafnium is expected to 
increase sizably this fall as a result of new pro- 
duction facilities. The new facilities will produce a 
wide variety of mill products and ingots. Uses for 
these products should grow as industrial applications 
for atomic energy are increased. 


Plastics use in autos growing 

Use of plastics in automobile interiors has increased 
remarkably in the last five years. Consumption of 
vinyl upholstery, for example, has increased from 
slightly over 5 million pounds in 1950 to over 45 





Director on Subsidies 


Conflicting statements out of Washington continue 
to confuse the metal markets. While the Interior 
Dept. and the Congress make daily comment on 
subsidies, tariffs, barter and taxes as a promise of 
better prices, the Agriculture Dept. is equally firm 
in its insistence that barter deals can be expected 
to fall off. 

The Agriculture spokesman, in testifying before 
Congress, emphasized that barter transactions 
were aimed primarily at moving farm goods and 
not at bolstering prices of domestic metals and 
minerals. Actually, barter transactions tend to 
bolster world prices rather than just U. S. prices. 
As for direct subsidies in the form of Government 
purchases, the outlook is good from a consumer 
point of view in that tungsten props are out and 
other materials purchases will be at a minimum 
and of short duration. The original $90 million 
proposed purchase program now stands at $8.7 
million. 

Production cuts by major producers of zinc, lead, 
copper and other materials, however, confirm the 
lack of confidence in the Government’s ability to 
1) suport U.S. prices directly, 2) support free 

_ world prices indirectly, and 3) indirectly support 
Communist bloc production if barter opportunities 
are opened to the Reds. . 
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million pounds in 1955. In fact, vinyl accounted 
13% of all materials used in fabrics in 1955, com. 
pared with only 2% in 1950. 

On the other hand, although cotton use iner: 
from 197 million pounds to about 210 million pounds 
its relative position in so far as auto fabric us: 
concerned decreased from 62% in 1950 to 55% jin 
1955. 

Use of wool declined from 33 million pounds jp 
1950 to slightly over 1 million pounds in 1955. Ip 
terms of percentages this represenis a drop from 
10% to less than 1%. 

Although the vinyls seem to have it, a new trend 
is starting which seems to be turning in the direction 
of other plastics materials, especially nylon and 
Orlon. 

Though consumption of plastics materials for pas- 
senger cars is likely to keep increasing, there is no 
danger of a scarcity. Production of virtually all plas- 
tics upholstery materials has been greatly expanded 
and monthly production of vinyl alone exceeds seven 
million pounds. 


Nickel expansion goal closed 

At about the same time that the United States 
Government announced it would offer no further 
incentives to encourage the expansion of primary 
nickel production (see MATERIALS & METHODS, June 
’5b7) the British announced that they had decided to 
sell nickel from their strategic stockpile. Speculations 
as to whether the United States will do the same run 
into a blank wall: U.S. stockpile disposal laws are 
much more rigid than Britain’s. 

Nevertheless, the existence of huge stocks of 
materials in the face of indicated cut-backs in the 
aircraft program, may pose serious problems. The 
huge expansion plans initiated by International 
Nickel Co. of Manitoba are going ahead on schedule, 
and although nickel supplies are still insufficient to 
meet needs (that is, at the 74¢ market price), nickel 
can be obtained fairly easily. 


Copper cut-backs may not work 


Although major U.S. producers have cut back on 
copper production in an attempt to balance the 
supply-demand picture, Rhodesian and Chilean pro- 
ducers have thus far shown little inclination to do the 
same. Rhodesian producers have actually announced 
substantial increases in production by 1960. 
Conditions in Chile, however, are much more 
important. In fact, if the Chileans do not decrease 
their copper output, it will be impossible to reduce 
the huge oversupply of copper. The prospect at the 
present time, therefore, seems to be that the U.S. will 
offer a concession to the Chileans in the form of a 
tacit agreement to maintain further Chilean explora- 
tion and production in order to keep Chile’s propor- 
tion of world markets at present or even increased 
levels. It seems to us, that this agreement can have 
little or no actual effect on copper prices. 




















Om- 


ds in 
5. In 
from 


trend 
ction 
and 


' pas- 
is no 
plas- 
inded 
seven 


tates 
rther 
mary 
June 
ed to 
tions 
> run 
3 are 


s of 
| the 
The 
onal 
Jule, 
it to 
ickel 


the 
pro- 
the 
need 


nore 
pase 
luce 
the 
will 
yf a 
or'a- 
por- 
ised 
ave 










































































(a 






Increased use of porcelain enamel on aluminum is forecast by use of this 
material for such things as ceilings in subway cars. 


Porcelain Enameled Aluminum 
Will Get Big Boost in Use 


Use of porcelain enamel on alu- 
minum is expected to increase 
from the 3.5 million square feet 
used in 1956 to 5.2 million square 
feet this year, according to a re- 
cent forecast released by the 
Porcelain Enamel Institute’s Alu- 
minum Div. This estimated expan- 
sion represents a gain of approxi- 
mately 50%. 

The building industry was the 
greatest single consumer of porce- 
lain enameled aluminum in 1956, 
accounting for 2.4 million square 
feet. This year the figure is ex- 
pected to be about 3.8 million 
square feet. Other major uses in- 
clude appliances, utensils, signs 
and military applications. 


PREDICTED CONSUMPTION OF 
PORCELAIN ENAMEL ON ALUMINUM: 

















Uses 1957 1961 
Building Materials....} 3,800 15,000 
re 250 2,600 
Appliances.......... 200 2,000 
Transportation... ... 200 600 
ree — 200 
.  —> Se 300 1,100 
Military, Other... .. 450 1,500 
1000 sq ft. 


By 1961, the Institute says, the 
total market for porcelain enamel 
on aluminum is expected to in- 
crease to 23 million square feet— 
a 500% growth. This prognostica- 
tion is based on the following 
four factors: 

1. There is every reason to be- 
lieve that there will be a con- 
tinued increase in the use of 
existing applications in the build- 
ing field. Furthermore, new appli- 
cations, such as window parts, 
doors, hardware, ceiling panels 
(see photo) and railings, are ex- 
pected. 

2. The large highway program 
recently passed by Congress is ex- 
pected to play an important role 
in expanding the sign market dur- 
ing the next five years. 

3. By 1961 applications of 
porcelain enameled aluminum in 
the automotive industry are ex- 
pected to be extensive. 

4. Both decorative and func- 
tional applications of porcelain 
enamel on aluminum are expected 
to increase in major and small 
appliances. 


Tinplate, Tin Products 
Get New Pricing Rules 


The present practice of making 
firm commitments for six months’ 
pricing periods for tinplate and 
other tin mill products is expected 
to be discontinued at the end of 
the year. Beginning Jan 1, 1958, 
tin mill products will be billed on 
the basis of prices ruling at the 
time of shipment. It is understood 
that present prices for tinplate, 
which are effective through Oct 
31, will probably be extended to 
Dec 31. 


Steel Capacity in U.S. 
Up 47% in Ten Years 


Ten years ago the nation’s steel 
mills would have had to operate at 
130% of the then-rated capacity 
in order to produce as much steel 
as was turned out during the first 
half of this year. Yet, during the 
first half of this year steel mills 
operated at only 91.5% of capac- 
ity. 

According to the American Iron 
and Steel Institute, the Jan 1, 
1957 capacity was 133,459,150 net 
tons of ingots and castings per 
year, compared with 91.2 million 
net tons annually in 1947. Even 
in 1950, the Institute says, an 
operating rate averaging over 
120% of capacity would have been 
required to make an amount of 
steel equivalent to the 60 million 
tons produced during the first 
half of 1957. 


What’s Happening 
in Prices and Supply 


Fluorocarbons — Du Pont has 
announced a major expansion of 
its Teflon producing facilities. Ac- 
cording to the plans, the output of 
Teflon 1 and 5, used for compres- 
sion molding and ram or screw ex- 
trusion, will be increased by 30% 
by mid-1958. By late 1957, pro- 
duction of Teflon 6 and Teflon 30, 
used for corrosion resistant flex- 
ible tubing and insulation for high 

(continued on p 246) 







SEPTEMBER, 1957 * 239 














NONMETALLICS 







Prices for large quantities for range 
of grades, color, sizes; given in $/lb 
























RUBBER 

Material Dry Latex 
Butadiene-Acrylonitrile .49-.65 44-.54 
Butadiene-Styrene | .17- 30 .26-.32 
Ee ree .23-.28 — 
Neoprene*............] .39-.75 .37-.4]7 
Silicone*..............] 1.90-4 | _ 
Polysulfide*...... 47-1 .10-.92 
Natural........ ..} .33> : 












aLess than carload quantities. 








GLASS FOR REINFORCED PLASTICS 


bAverage spot price for month of Apr. 



















Fabric ($/yd 38 in. wide)* 


Continuous chopped strand 
| Ore 40 


og Re eee 48 
181 Long-shaft satin weave.... .03 
143 Unidirectional............ 1.00 
| Roving* 
DS oy cs eccss cess ae 
Continuous spun strand.......  .36 
Continuous chopped spun....._ .38 
Milled fibers (1/32-% in.)*...... .45 
Mat 
Chopped strand (2 in.)*». 52-.72 
Surfacing ($/1000 sq ft)°... 10-19 





aPrice includes binder or finish. 
bPrice varies with binder. 
c0.010-0.020 in. thick. 









THERMOSETTING PLASTICS 










Molding Laminating, 
Material Compounds Casting Resins 













Alkyd.........]  .34-.53 _ 
Epoxy......... Ss 4 ee 
Melamine. .... 42-45 | 40-.41 

| Phenolic......) .20-.40 | — .17-.34 

Polyester... a 32-.50 

Silicone. ...... 2.75-5.40 1.55-1.748 

a .19-.33 ~ 





a60% solids content. 










All prices are approximate and given 
solely for general guidance of those 
responsible for materials selection. 


Prices of Materials 


Changes since last month are bold-faced 


























THERMOPLASTICS 
Molding Sheet Rod Tube 
Material Compounds |(.030-.250in.) 
ly-\y in. ¥%y-1\4 in. lf 4 17 in. 

Acrylic 51-.59 49-2.15 | .90-1.15 —_.20-.90 1-1.15 : 
Cellulosic . 

Acetate..... .36-.65 92-1.16 15-1 .65-.75 85-1 85 

Butyrate. .. 50-.72 1-1.28 .95-1.20 85-95 1.05-1.20 .85-1.05 

Nitrate. 1.60-2.73 1.45-1.75 2.25-5.00 

Propionate. . 51-.63 
Fluorocarbon 7 e 

ae 7-8 15-23 18-22 14-20 20-22.50 16-20 

TFE 4.50-7.45  14.30-11 13 13 13 k 
Nylon ;.: tee 3 3 3 r 
Polyethylene .35-.56 85-1 715-1 .65-.75 85-1 75-.85 
Polystyrene .26-.44 57-.61 .65-.90 55-65 .75-.90 .65-.75 
Vinyl .27-.43 .62-.92 15-1 .65-.75 85-1 15-85 





NONFERROUS METALS 


Mill base prices for large quantities; 


given in $/lb except where indicated 








ALUMINUM LEAD 

Pe 2.555 440% pavnwnd cemas .26-.27 Common Grade 14 

Ingot (99-99.9%). .27-.29 

, i 2 55-.77 

Alloy Ingot (13, 43, Al32, 214)... .29-.32 

Sheet (1100, 3003; 3-03 in.)*......... .40-.45 MAGNESIUM 

Plate (1100, 3003, 5050, 3004, 5052)= 40-.43 
Pig (98.8%).. 36 

aMill finish. Ingot (98.8%)....... 37 

anes AZ91B Ingot (die casting) 37 

AZ9IC Ingot (sand casting) Als 





Form 


Cart., Low, Red, 
10% | 80% | 85% 














Sheet, Strip.......]  .45 47 48 
Seamless Tubing. .| .48 50 51 
Rod (not f.c.)......] .44 47 48 
es or 48 49 
COPPER 
Ingot (elec)....... 29 
Sheet, Strip (hot rolled) 51 
Seamless Tubing........... <a 
ee tbat A9 
Rod, Free Cutting.............. a 


Wire 


0 Ee ee ese ae 42 
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aDelivered price. 






























NICKEL 

Form st “A” Monel 
Ingot..... 75* - 
-_ | 1S] 89 
Sheet, C.R.. _ 1.26 1.06 
Strip, C.R.. — 1.24 1.08 
Seamless Tube 1.57 1.29 
aDelivered price. 

TIN 











Primary*....... 





97 





aDelivered price. 


(continued on p 242) 
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36 
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89 
1.06 
1.08 
1.29 





































































































But vital innards are kept grit-free and 
oil-tight with seals of AMERICAN FELT 


The Traxcavator, made by Caterpillar Tractor Co., is called on to handle 





some mighty tough jobs. Logging, grading, loading gravel and dirt 
are just a few. Under these conditions even the best-made engines 
and machines need their vitals protected against grit, dust, water and 
mud, and at the same time have the oils and greases kept grit-free 
and sealed in. To do this dual job of keeping out dust and grit and 
keeping in oil and grease, Caterpillar Tractor Co., Peoria, Illinois uses 
seals of American Felt ... in their D4 Tractor, No. 955 Traxcavator 
shown and other pieces of equipment... to insure reliable performance 
and long life. 

American makes various types of felt for sealing purposes, and 
supplies it as desired, including the very important laminated synthetic 
rubber and felt OILFOIL seal, cut to size. For information, write for 
Data Sheet No. 11, “Felt Seals, Their Design and Application.” 


“Caterpillar, Cat and Traxcavator are Registered Trademarks of Caterpillar 
Tractor Co, 





For more information, turn to Reader Service card, circle No. 510 




















peeeee 












































"Ast 


CUTAWAY of a Caterpillar No. 955 Traxcavator to show 
one of the spots protected by seals of American Felt. 


American felt 
Company 





GENERAL OFFICES: 24 GLENVILLE ROAD, GLENVILLE, CONN. 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Louis, Atlanta, Dallas, Boynton 
Beach, Fia., San Francisco, Los Angeles, Portland, Seattle, 
San Diego, Montreal. — PLANTS: Glenville, Conn.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, &. |. — 
ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. 
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AT Hucage Kwet ALL 3 


will reduce your Fastening Costs 





TITANIUM 








+ ow 
rivets Sponge (99.3+%) 
y Bars, Rod 
Semi-Tubular, fh : Plate 


Split and Shoulder | Sheet, Strip 

Wire. 
You avoid machine down-time because 
every semi-tubular, full tubular, split, 
shoulder or special rivet is precision 
made and hand inspected to assure 
free, non-clogging movement in auto- 
matic setters. 








Primary® 10, 
Die Casting Alloys” .15-.16 
Sheet. . 24 
Ribbon 21 
Plates 19 





aPrime Western -Speciil High Grade. 


rivet bAlloys 2, 3, 5. cDelivered price. 
setters METAL POWDERS 
Aluminum *:! 236 


Your fastening costs are less because Brass * 34-43 
Chicago Rivet makes machines that set Copper (elec or red.)* A3 
from one to seven rivets at a time. Columbium 120 
Riveting is automatic and may involve Molybdenum (98%) 3.£0-4.10 
the use of special indexing fixtures, Nickel. ... 1.05 
adjustable riveting centers, and top or Tantalum 49 
bottom rivet feeding and other mech- a7 
peter : ; ; Tungsten (C-red. 98.8% ; 
anisms, controlled by solenoids or air 99+.97 4-5 
cylinders or both. Ped Zo) ‘ 
Flash Grade 11.50 
Electronics Grade 5 15 











aPrice for 100 mesh. cDelivered price. 
bFreight allowed. 


OTHER NONFERROUS METALS 








Cadmium (bars) 1.70 
Gold. . $35/troy 0z 
engineerin Menice C05 ar 
y or Manganese (99.9%) 34 

ium 23-24/troy 02 
The recommendations of Chicago Rivet eit 58487 mn 02 
Engineers are most valuable. Their Silve 91¢/troy 02 
knowledge of rivet fastening tech- eee d $5.60 
niques, gained from solving thousands Tantalum (sheet, rod) 
of manufacturers’ fastening problems Vanadium 3.8 
can help make your product more com- Zirconium (sheet, strip, bar) 27-35 
petitive. Calling Chicaso Rivet is a 
habit-formed procedure with many aDelivered price. 
companies. You incur no obligation 
when you use the service of Chicago nl 
Rivet Engineers. Send a blue print or 
sample assembly with your inquiry. IRONS AND STEELS 








Mill base prices for large quantities 


y ° SEMIFINISHED STEEL ($/net ton) 
Cfucugo Kwet & MACHINE CO. 


9628 WEST JACKSON BOULEVARD Ingots, Alloy........ seceeeeee TT 


Billets, Blooms, Slabs 
BELLWOOD (CHICAGO SUBURB) ILLINOIS ' he 
Carbon, Re-Rolling RE: 77.50 
BRANCH FACTORY: TYRONE, PA 


Carbon, Forging. .. "C+. 
New Rivet OFF Tle) = contains eng all -1 alelcamer-) t- P Alloy, Forging.. =e ips had 114 0 
list of popular semi-tubular, full tubular, split Seamless Tube Rounds..... én 


F Tale m-jaleleiiel-1 au aii:1 6 late mm olelellil-1 at-l eh dslaat- hal Wire Rods. Evcks T. $6.15, cwt 
rivet setters. Write for copy. 











(continued on p 244) 
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Now you can dry gases drier than dry! 








LinDE Molecular Sieves can dry your gases—air, hydro- 
gen, chemical streams—more thoroughly than any other 
commercial adsorbent. They will duplicate laboratory 
performances—in your plant—under normal production 
conditions, 

Even though your gas stream may already be partly 
dried, Molecular Sieves will remove the last traces of 
moisture. Only a small volume of adsorbent is required. 
The same combination of high capacity and low dew- 

4 ) 
point is also obtained at high temperatures, up to 200°F. 

This is SUPER-drying ! Dynamic performance is shown 
i i . This s i COMPLET : i j INCOMPLETE 
in the accompanying graph This uperior performance REGENERATION RESIDUAL LOADING ON BED (WT.-%) REGENERATION 
also can be expected at higher relative humidities and mg cor nee Ee ag tree oe ane ecg 
at other temperatures and pressures. Of particular sig- °°", WTDeF Iormatlon. waite for data sheets on rye © 

fi , d ‘ 3 th lati ; <2 { Gases.” Address Dept. N-9, Linde Company, Division of Union 
nificance in production is the relative insensitivity e Carbide Corporation, 30 East 42nd St., New York 17, N. Y. 
Molecular Sieves to incomplete regeneration. 
e 


DYNAMIC PERFORMANCE 
DRYING AIR AT 10% R. H., 100°F., 760 mm. Hg 


g 


8 
de LNIOdM30 


DEWPOINT ,°F 


“150 -150 




















The terms *‘Linde”’ and ‘‘Wnion Carbide” are registered trade-marks of UCC, 


LH soe YN Oa 
lerapenae Sst SAR IOS — 


For more information, turn to Reader Service card, circle No. 569 
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Light weight, hard-faced 
aluminum and magnesium 


Molybdenum, steel or stainless _ 
outwear steel sprayed coatings, applied at High Str 
high speed and low cost, Form Carbon | Low Alloy! Al 


offer many opportunities for — 





FINISHED STEEL ($/cwt) 








Plate 5.10 7.62 
product improvement. Sheet, H.R..| 4.92 7.27 
Sheet, C.R. | 6.05 8.97 

. ; Strip, H.R. 4.92 7.32 8.1 
Inside cylinder wall of Strip, CR. 715, 10.65 


portable gasoline engine ' 
being sprayed with molybde- i “9 “y~ i t 
num. Part showed little or no — ~ - 
wear after 4,000-hour test 
run. Chrome-plating broke 
down in less than 400 hours. 








STAINLESS STEELS (S$ Ib 








Aluminum torque tube, used 
in control of aircraft trim 
tabs, being hard-surfaced 


| Forging H.R. Sheet 
| Material Billets Bars Plate Strip 














at end bearing sections. | Austenitic 
Molybdenum is used on these | 301, 302, 
press-fit bearing sections | 302B, 303, 
and build up to required 304, 305 .38-.41 | .44-.48 | .46-.51  .51-.59 
dimension completed with 3218 47 | 56 | 60 | 66 
hard stainless steel. 







347« 56 65 10 80 





This accounting- 















< Martensitic 
machine undercarriage 410°. 28 34 35 40 
, —made of aluminum 416... 29 | 34 | 35 | 4? 
| for light weight— Cia! aed A oe 
is being hard-surfaced 420, 440 34 4) 45 62 
| by metallizing 
with steel. Ferritic 
405, 430, 
430F « 30 | .34-.35 | .36-.38 | .41-.4 





A wide range of hard metals, including .003” to .010”, spells high-speed surface % ms - - a 
molybdenum and hard stainless steel coverage. Semi-automatic control equip- ae 38 45 ‘AG 67 
are being applied to light weight metals ment is available for production line a 

to provide even longer service life than operations. Free operator training and High Mn 

is possible with solid steels, yet retain- on-the-spot service is supplied by full- 202° 37 43 45 49 
ing the weight-saving advantages. time, company-trained, field engineers. cision t 

Application is relatively simple—fast, For further information send off the 304L. 48 56 59 63 
modern metallizing guns will spray coupon attached or even better, write, 316L 64 74 78 82 


over 20 pounds of stainless steel per giving us some idea of the application 































—— P p ‘ : | i ‘ 
hour. This, in the comparatively thin you have in mind. | peo gy bat i oy ee 
coatings used, usually ranging from | midet ; - 
alngot prices approx 60% of forging billet 
SSCS SSCOSeeeeessesseeeeeeaseseaseeeeaseuas pres. 
Metallizing Engineering Co., Inc. METAL POWDERS (5/Ib) 
| 1175 Prospect Ave., Westbury, L. 1., New York +» cable: METCO | 
| in Great Britain: Telephone: EDGEWOOD 4-1300 | — oe ‘10-.1] 
METALLIZING EQUIPMENT COMPANY, LTD.— Chobham near Woking, England A d (99.59 
7 7721111111111111111111111/1111111111111111) enon awl Me = 
0 eae ‘ 
Stainless Steel 
| Please have a field engineer call upon me. lice ra 1.08 
316... “hea 1.44 


NAME. 








«Price for —100 mesh. 
TITLE 











COMPANY 





IRON (S$/gross ton) 








ADDRESS RA eae ee 












CITY 





STA 








(continued on p 240) 
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4] 
48 


56 
54 
67 
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a hole here makes waste... 





For more information, turn to Reader Service card, circle No. 392 





a hole here saves waste 





Crucible Hollow Tool Steel cut sections 
eliminate the waste and cost of drilling out solid 
rounds to make ring-shaped or tubular steel 
parts, or tools with a center hole. By using these 
hollow bar sections, cut to length, you do away 
with unnecessary cutting, drilling, and boring 
operations, increase machine capacity, and cut 
scrap losses. 

These hollow sections, in just about any O.D. 
and I.D. combination, or thickness you want, 


are immediately available in five most popular 


Crucible grades: KETOS oil hardening, 
SANDERSON water hardening, AIRDI 150 
high-carbon high-chromium, AIRKOOL air 
hardening, and NU DIE V hot-work tool steels. 

Call your nearby Crucible warehouse for more 
information, or for speedy delivery. Crucible 
Steel Company of America, The Oliver Build- 
ing, Mellon Square, Pittsburgh 22, Pa. 


first name in special purpose steels 





Crucible Steel Company of America 


Canadian Distributor —Railway & Power Engineering Corp., Ltd. 
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Creative Papers from the mills of Mosinee 


. particularly yours 


. are custom-tailored to specific needs .. 


AND SUPPLY 


TIN PLATE ($/base box) 
Hot Dip (1.25-1.50 Ib) 10.05- 10.30 
Electrolytic (0.25-0.75 Ib) 8.75-9.40 
Black Plate 7.85-7.95 


a 








eeeremaieeeea ice ae 
FINISHES AND COATINGS 


ORGANIC COATINGS 





Avg 

Thk = Mils | Cost, 
Material per = Re- | ¢/sq 
Coat, quired* ft ‘dry 
mil mil 





VARNISHES, ENAMELS 
Short Oil Phenolic 


A eae i< Varnish...... j l. 1.50 
Enamel ' l. 1.75 
100% Phenolic 1.5 1.75 


Paper uniformity speeds production ‘is: |. as 
of Consoweld’s laminated plastic 





Alkyd-Phenolic (50-50) ; : 1.75 
Alkyd-Vinyl (50-50) - : oe 
Alkyd-Styrene (70-30) ; é 1.75 
Epoxy...... 1.8 2.00 

CONSOWELD CORPORATION manu- 

factures a variety of lifetime wall 

and countertop surfacing. This 

laminated plastic is made by im- 

pregnating specially manufactured 

papers with synthetic resins. Back- 


and quantity-produce this special 
paper. Perhaps Mosinee Creative 
Papers can help solve your prob- 
lems. Our technological experi- 
ence is at your disposal. Simply 
fill out and mail the coupon. 


Silicone 5-1.0 | .5- 1.0 6.0 
Furane 2.0 2.0 1.0 
Neoprene 5.0 1.50 
DISPERSION COATINGS 
Phenolic 1.0 : 1.75 


ing up the beautiful, colorful pat- ee 6 - . a 
uorocarbon ; 0 
tern sheet are 7 or more sheets of CONSOWELD CONSTRUCTION ER iad ill 
special Mosinee paper. Not any | LACOUERS 
paper will do. The one used must TRANSPARENT Q P 
absorb exactly the right amount = on vae-4ak- 
: . OVERLAY _ > Vinyl... 10 | 20 | 2.50 
of the expensive resin. And Con- handle 10 20 | 275 
soweld finds Mosinee papers’ uni- es 10 20 | 275 
formity of caliper and basis weight J ; 
speeds production. aThickness over phosphate coating required 
Mosinee with nearly a half- for exterior durability on steel. For purely 
‘ r IMPREGNATED decorative coating, 1 mil will usually suffice. 
century of sulphate paper making MOSINEE CORE bMaterials cost only. Realistic price compar- 
experience, was able to develop PAPER 


ison can be made only on basis of dry applied 


coating, not on basis of cost per gallon. 
COMPANY \ 











PRINTED 
PATTERNS 


Fluorocarbons—continued 





MOSINEE PAPER MILLS CO., Dept. mm-g, Mosinee, Wisconsin 


Please furnish details on how you can create special papers to meet our needs. 
temperature wiring, will be 
— doubled. 

A new fluorocarbon resin, Teflon 
100-X perfluorocarbon, which is 
claimed to have a melt viscosity 
hes low enough to permit extrusion in 

i standard equipment (see MATEF- 
Se ceaedl 


RIALS & METHODS, Nov ’56, p 161) 














ADDRESS 








PRODUCT 
mi LL <<< << 


For more information, turn to Reader Service card, circle No. 485 
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a helps you a 
é 


FA B R ICAT 
PLASTIC PARTS 
faster...at lowered cos#®.¢ 
New e-x-p-a-n-d-e-d production facilities now give > \ 


you ACE HIGH QUALITY on all types of screw 
machine, centerless ground parts and special shapes 
. all colors . . . all materials. 





LUCITE © PLEXIGLAS © ACRYLIC @ ACETATE @ 
BUTYRATE ©@© CAST PHENOLIC © EPOXY RESIN ® 
ETHYL CELLULOSE © KEL-F © LAMINATED 
BAKELITE © NYLON @ POLYETHYLENE © STYRENE 
COPOLYMERS ® TEFLON 

Sizes: Vg” to 2%," © Lengths: 1/16” to 9” 
Write, wire, phone for samples, prices and bulletin 


listing stock items. Send specifications or blueprints 
for prompt quotat'on on specials. 


puss Conair 


Extrusion Molders and Fabricators 
91-48 Van Wyck Expressway, Jamaica 35, N.Y. ¢ JA 3-5500 





Conversion to 


NYLON-GEAR 


BY SMALL-LOT 


ACTUAL SIZE ACTUAL SIZE 


MOLDING PROCESS . 
SAVES 26¢ PER UNIT 


This Zytel 101 Nylon Beveled Gear replaced a machined 
gear that formerly cost 59¢ each. After the initial tooling 
costs we die-molded it in one operation by our special 
injection process at 33¢ each. 





COST ANALYSIS: 
Tooling, set-up and first 100 pieces, 


$286 
including material and trimming......... 


Additional 100 lots: $33.00 








In addition to a cheaper piece price and equal wear- 
ing qualities, the Nylon Gear proved rustproof, 
noiseless, required no oiling and weighed less. 


Let us quote on your Short-Run Plastic Moldings. 
We will gladly submit quotations without obligation. 





DAYTON ROGERS 


Nan Yi ac turing Com pany 





MINNEAPOLIS 7X, MINNESOTA 


For more information, turn to Reader Service card, circle No. 579 








V7 07-404% 


SELF LUBRICATING 
LOW FRICTION 
STABLE AT HIGH TEMPERATURES 


‘carbon- 
graphite 
especially 
designed for 
mechanical 
applications 


REQUEST BULLETIN 
NO. 55 OR SEE 

SWEET'’S PRODUCT 
DESIGN FILE 





Sliding or ro- 
tating 
: compounded and 
ra Se es molded of Purebon 


components 


are self-lubricating ; the material 
is unusually stable at high temperatures. It 
is readily machinable, chemically inert, light 
weight, low cost when moldable to size. Send 
prints or parts for prompt quotation. 






PURE CARBON CoO., INC. 





447 HALL AVE., ST. MARYS, PA. 





For more information, turn to Reader Service card, circle No. 362 
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—* 
/00 PARK CLOSED-DIE FORGINGS 


... Wt. 2750 Lbs. Ea. 


SAVE 
MACHINING TIME 


Eliminate 


“POROSITY REJECTS” 


for manufacturer 
of automotive 
glass-making machinery 


A Park sales engineer showed this manufacturer of an automated 
glass-making line how to save money by using large, closed-die 
forgings. These Park closed-die forgings were closer to being 
completed parts—needed a minimum of final machining. Uniform 
in quality, they required less inspection. And there was no danger 
of investing expensive machine time in parts —then have them 
rejected because they contained "blow-holes” or porosity defects. 


One of the largest production runs of closed-die forgings ever 
scheduled for the machine tool or machinery field, these 700 
forgings, each weighing 2750 Ibs., were produced in Park's shops 
in record time. 


Let our sales engineers show you how a Park closed-die forging 
can cut down machine time and rejects — increase strength and 
safety on your product requirements. 


Die Forging Specialists Since 1907 


THE PARK DROP FORGE CO. 


775 EAST 79TH ST * 


CLEVELAND 3, OHIO 


Carbon, Alloy, Heat-Resistant Alloy, and Stainless 








Steel Closed-Die Forgings from 5 Ibs. to 5000 Ibs. " 
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ND SUPPLY 


is available in small quantiti: 
$19.00 per lb. Large scale « 
mercial shipments are expecte 
be made early in 1959. 

Water-base paints—A reductio) 
of approximately 114¢ per Ib j, 
the delivered price of tank 
lots of styrene-butadiene latexes 
has been announced by Dov 
Chemical Co. These latexes, the 
high styrene type, are used in 
85% of the water-thinned paini 
manufactured today. 

Also of interest is the fact that 
the volume of acrylic latex paint 
used in the United States in- 
creased by two-thirds during 1956, 
and the number of paint compa- 
nies producing acrylic paints in- 
creased from 300 to approximately 
450. First quarter use in 1957 
was 35% higher than usage in the 
similar period in 1956. 

Silicon—A_ price decrease of 
114¢ per lb for all grades of sili- 
con metal has been announced by 
Electro Metallurgical Co., div. of 
Union Carbide Corp. Price reduc- 
tion amounts to about 7% 


O- 


Polystyrene—A reduction of 5¢ 
per lb for powder and 7¢ per |b 
for pellets has been announced by 
Marbon Chemical Co. for its Cyco- 
lac polystyrene resin. New prices 
are: 53¢ per lb for powder, 58¢ 
per lb for pellets. 

Dow Chemical Co. has reduced 
its price of general purpose mold- 
ing grade crystal polystyrene 
shipped in bags by 1%4¢ per |b. 
Colored polystyrene in bags has 
been reduced %¢ per lb. This 
brings the quantity price of Dow's 
crystal polystyrene down to 26¢ 
per lb. 

Lithium—According to Marshal 
Sittig, president and managing 
director, American Lithium Insti- 
tute, Inc., American industry wi!l 
consume over one million pounds 
of lithium metal annually by 1970. 


Columbium — Shieldalloy Corp. 
has announced a new low price for 


1 


metallic columbium: $16.00 per !5 
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containers... 


Cosmetic bottle with a thick, 
smooth coating. Stylish and safe 
—even for aerosols. Glamorous 
and shatterproof with a single 
dip into a vinyl dispersion. 


For high-styled “leather-covered” 
gift bottles for merchandising 
liquors... and breakage- 
protection for glass chemical- 


For friction sleeves to control 
rattles on glass shelving and to 


WAY TO UPGRADE YOUR PRODUCTS: VINYL 





eliminate need for polishing 


edges... 






























COATINGS 

















For the tight fitting of shower-stall doors. 


Thick, tough, protective and decorative 
coatings for glass 


Amazing to the eye, pleasant to 
the touch—these leather-like 
coatings offer you new ways to 
merchandise with glass. These 
coatings add new beauty, longer 
life.and safety to dozens of 
market-building applications— 
for household, workshop, factory. 


You can apply the coatings sim- 
ply by dipping the glass into 
specially formulated vinyl dis- 
persions. You can make the coat- 
ing up to 1/16” (60 mils) thick. 
Preheating the glass controls the 


thickness. Then a short heat- 
cure ‘‘sets’” the plastic in a per- 
manent bond to the glass. 


The leather-like coating can 
range from firm and hard to soft 
and rubbery. The color? Your 
choice. The possibilities? Virtu- 
ally untapped. Coating glass with 
vinyl is a new industrial art—a 
starting point waiting for your 
development. 


Write today for sources of vinyl 
in liquid form for coating glass, 
metal, or wood. 


Organic Chemicals Division 
MONSANTO CHEMICAL COMPANY 
Dept. MMSP-3, St. Louis 1, Missouri 


For more information, turn to Reader Service card, circle No. 439 


Monsanto manufactures a wide 
variety of plasticizers and Opalon® 
resins for formulators of these 
high-quality vinyl dispersions. 


MONSANTO 





Where Creative Chemistry Works Wonders for You 
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YODER SLITTERS 


Supply 
Varied Strip Widths for 
Tinnerman Sfeed Mux’ 


Tinnerman Products, Inc., Cleveland, Ohio, 
produces more than 10,000 different shapes 
and sizes of “SPEED Nut” brand fasteners 
for industry ... many of them to special 
specifications. 


To do this, Tinnerman uses slit steel strands 
ranging in width from 14” to 74”. To 
carry an inventory of the many strip widths 
required to meet normal and unusual 
demands would be almost impossible. 


Tinnerman overcomes these inventory and 
supply problems by doing their own slitting 
on two Yoder slitters. This enables them to 
supply the plant with any strip size required 
from a relatively small inventory of 6” and 
9” width purchased coils. In slitting narrow 
strands, such as these from small coils, a 
Yoder slitter may be profitable on a produc- 
tion as low as 25 tons per month. 


Here is a fine example of how a small in- 
vestment in Yoder slitting equipment greatly 
simplifies and speeds production while 
effecting important operating economies. 


The saving made in time alone, reflects in 
better customer service through faster com- 
pletion and delivery of finished products. 


If your steel strip or sheet slitting require- 
ments are as low as 100 tons per month or 
even less, a medium size Yoder slitter can 
be a very profitable investment for you. The 
Yoder line includes units of every size and 
capacity . . . of the most advanced engineer- 
ing design. Send for the Yoder Slitter Book 
—a comprehensive text on the mechanics 
and economics of slitters and slitting line 
Operation, with time studies, cost analyses 
and other valuable data. Write to: 


THE YODER COMPANY 
5546 Walworth Avenue * Cleveland 2, Ohio 


ROTARY 
SLITTING 
LINES 


For more information, circle No. 429 
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in maximum quantities, f.o.b. New 
Jersey. 

Steel—Lukens Steel Co. has 
started work on a $33 million ex- 
pansion program aimed at increas- 
ing its steel ingot capacity by 
nearly 25%—from 750,000 to 
925,000 tons annually. Rolling 
capacity of its mills will also be 
increased by about 40%. Com- 
pletion of facilities is expected 
within two years. 

Aluminum—Aluminum Co. of 
America has increased the price 
of basic aluminum pig by 1¢ per 
lb., making the price now 26¢ per 
lb. Price increases amounting to 
about 4% were also announced 
for alloy grades of pig and ingot, 
as well as other products. Reyn- 
olds Metals Co. and Kaiser Alumi- 
num & Chemical Sales Corp. are 
expected to follow suit. 

According to the Aluminum 
Assn., primary aluminum output 
in the first six months of 1957 
was 823,967 tons—less than 4% 
lower than the all-time high of 
860,304 tons produced during the 
first half of 1956. 


Melamine—Barrett Div., Allied 
Chemical & Dye Corp., has begun 
a plant expansion aimed at doubl- 
ing its output of melamine mold- 
ing compounds. One reason: con- 
sumption of melamine for dinner- 
ware was approximately 22% 
higher in the first half of 1957 
than it was in the similar period 
of 1956, according to the Mela- 
mine Council. 


Silicon—A price decrease of 
114%4¢ per lb for all grades of sili- 
con metal has been announced by 
Electro Metallurgical Co., div. of 
Union Carbide Corp. Price reduc- 
tion amounts to about 7%. 

A new company formed by W. 
R. Grace & Co. and Pechiney, a 
French chemical and metallurgical 
concern, will produce 20,000 lb per 
year of high purity elemental sili- 
con and other semiconductors. The 
plant is scheduled for completion 
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1. HIGH TEMPERATURE 
TECHNOLOGY 


Editor-in-Chief, |. E. CAMPBELL, 
Battelle Memorial Institute 


A first-hand account of the new mater 

new methods of production, and ney 
measuring techniques, with special n- 
sideration to materials suitable to service 


| at 1500 degrees Centigrade and upwards. 
| A clear and authoritative summary by 35 


experts. Sponsored by the Electrochemical 
Society, Inc. 


1956. 526 pages. Illus. $15.00 


2. BRITTLE BEHAVIOR OF 


ENGINEERING STRUCTURES 
By EARL R. PARKER, University of Californio 


Contains a thorough discussion of the 
theories and mechanisms of failure, a review 
of test methods for evaluating relative 
brittleness, summaries of test results; a 
discussion of the effects of welding com- 
position variations on notch toughness, and 
a report of service failures. Prepared for 


| the Ship Structure Committee under the 


direction of the Committee on Ship Steel, 
National Research Council. 


1957. 323 pages. 209 illus. $6.00 


3. ENGINEERING PROPERTIES 


| AND APPLICATIONS OF PLASTICS 


By GILBERT FORD KINNEY, Professor of 
Chemical Engineering, U. S$. Naval Post 
Graduate School, Monterey, California 


Furnishes a clear understanding of the 
fundamental nature of plastics, their proper 
utilization and _ specification. Describes 
methods for fabrication, as well as the 
mechanical, electrical, optical, and thermal 
properties of these materials. 


1957. 278 pages. Illus. $6.75 


| 4. BORON, CALCIUM, COLUM- 
BIUM, and ZIRCONIUM in IRON 
and STEEL 


By R. A. GRANGE, United States Steel Corp.; 
F. J. SHORTSLEEVE, D. C. HILTY, W. O. 
BINDER, all of the Electro Metallurgical Co.; 
G. T. MOTOCK, Olin Mathieson Chemical 


| Corp.; and C. M. OFFENHAUER, the Electro 
| Metallurgical Co. 


A concise summary of all the available 
data on four of the important alloying 
metals for iron and steel. Complete, ac- 
curate information, some of it for the first 
time in published form. The fourth publi- 
cation in the Alloys of Iron Research New 
Monograph Series, Frank T. Sisco, Director. 


1957. 533 pages. 207 illus. $14.00 


Order your ON-APPROVAL copies today 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, N. Y. 


For more information, circle No. 399 


















































































For more information, turn to Reader Service card, circle No. 451 For more information, turn to Reader Service card, circle No. 447 
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QUANTOMETRIC CONTROL is surer for metals of today and — : 
ins the future. Inquire about our complete, accurate, economical _ 
. 0. and fast analyses services for Titanium and Zirconium metals - | 
“ae and their alloys. Our Spectrographers and Chemists have had. 
aa many years of experience. Our facilities include the world’s 
largest Quantometer, standardized and calibrated for Titanium 
table and Zirconium Alloys, Steels, Aluminum, Cast lron and special- 
a 
ying ized alloys; a most versatile Spectrographic meciuaiesi ag and . 
"ac a complete modern Wet Chemical Laboratory. 
first 
ubli- é neo = 
_ Teletype PG-544, Phone FRemont 1-2345 
~pat or write today for complete information. \ 
y 
P Sees «= SPECTROCHEMICAL LABORATORIES, INC. 
; P.O. Box 8781, Pittsburgh 21, Pa. 





For more information, turn to Reader Service card, circle No. 373 
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a difference 


Though fingers may look alike, close examination of the fingerprints always 
finds a difference. As closely as conventional and Rolle laboratory controlled 
castings may resemble each other, a close look finds a difference there, too. 

The difference is born in the Rolle Laboratories. Years of specialization 
in the sand, permanent mold, shell mold, and investment casting of alumi- 
num and magnesium have resulted in intimate familiarity with the char- 
acteristics and peculiarities of each alloy. The difference grows with the 
quantometer and wet analysis, and physical testing of every single melt. 
It thrives under the most accurate control of melt, pour, and heat treat 
temperatures modern foundry instruments can provide. And it pays off 
in fewer rejects... longer life... higher physicals...and lower overall 
casting cost. 

If you'd like to learn more about the benefits of Rolle laboratory control first 
hand, send along your prints for an obligation-free quote. In any case, request 
your copy of Rolle’s 58 page engineering manual with complete data on all light 
metal casting alloys and hundreds of hints on casting design and specification. 


wen senewen FEOLLE 


laboratory controlled castings 





ROLLE MANUFACTURING CO. - Third & Cannon - Lansdale, Pa. - Ulysses 5-1171 | 


For more information, turn to Reader Service card, circle No. 408 
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by next summer. So far the <¢ 
pany has not announced prices 


Acetate film—Du Pont has ip- 
creased its price for cellulose ace 
tate film 5¢ per lb. The film is 
used principally in laminations as 
a base for pressure sensitive and 
sound recording tape, and in pack- 
aging. 

Polyethylene—Hercules Powder 
Co. is now ready to start commer- 
cial production of its Ziegler-type 
high density (low pressure) poly- 
ethylene. The company will turn 
out 30 million pounds per year. 

Canadian Industries Ltd., Mont- 
real, announced it will increase its 
general purpose polyethylene pro- 
ducing capacity to over 40 million 
pounds per year. 

Particle board—The Structural 
Products Div. of National Starch 
Products, Inc., will more than 
double its production of particle 
board, according to James Dillon, 
vice president. According to the 
company, particle board is being 
viewed as a new design material, 
and if expansion continues at the 
present rate, the industry will be 
producing approximately one bil- 
lion square feet by 1960. Present 
annual capacity of the industry is 
450 million square feet of *%4-in. 
board, 


Synthetic rubber—A _ 50,000- 
ton-per-year butadiene rubber 
plant has just been completed at 
Odessa, Texas, by Fluor Corp., 
Ltd. The new plant is said to be 
the first integrated operation in 
which the synthetic rubber is pro- 
duced from butane at one location. 


Isotopes — According to the 
1957 Isotope Index, a recently is- 
sued report published by Scientific 
Equipment Co., the supply of iso- 
tope-labeled compounds has _in- 
creased 30% during the last year. 
Both radioactive and stable iso- 
topes are now available from 53 
suppliers, principally in the 
United States, Canada and Great 
Britain. 


For more information, circle No. 404 
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Tough 21%” diameter mandrel at Rc 44 on 1150 ton brass extrusion press. Scovill Manufacturing Co. 


Mandrel of HALCOMB 218 
retains toughness and hardness 
at hot work temperatures... 


This mandrel is made of Haleomb 218—a tough, air-harden- 
ing hot work steel. Haleomb 218 is suitable for tools like 
this which require a higher degree of toughness at moder- 
ately elevated temperatures than is obtainable with the 
tungsten types of hot work steels. And Halcomb 218 retains 
both its hardness and strength at these temperatures. 
For example, at a hardness of Re 44, Halcomb 218’s 


;Charpy Impact Strength is 33 ft-lbs at 500F. And it will 


retain this hardness after 1 hour, after 10 hours and even 
after 100 hours at temperatures up to 900F. 


Properties like these cut tooling costs. The mandrel shown 
above is good for 1200 pushes, for example, and even then 
all it needs, usually, is repolishing before being used again. 

Halcomb 218 is particularly useful for all hot work oper- 
ations on which drastic coolants are used. It even resists 
breaking very successfully when water cooled in operation. 
If these sound like advantages you can use, call your local 
Crucible representative for more complete data. Crucible 
Steel Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor —Railway & Power Engineering Corp., Ltd. 














CHOOSE HAYES 
PROTECTIVE 
ATMOSPHERES! 


Proper atmosphere equipment 
increases production, improves 
product quality, and makes your 


processing more economical!! 


HAYES Type G Exothermic Generator ... DESIGN FEATURES 


For conveyor or pusher type furnaces requiring protective 
atmospheres of an oxidizing or medium reducing type, the 
Hayes Type G Exothermic Generator offers many design 
advantages which include: 


e ELECTRIC IGNITION SYSTEM for added safety! Simple, 
effective design, stainless steel construction. Located out of 
actual combustion chamber to prevent burn out. 


¢ AUTOMATIC COMBUSTION CONTROL is obtained by a 
self-adjusting mixing device which maintains the pre-set 
combustion ratio thereby eliminating the need for manual 


Hayes Type IGL Endothermic Gen- 
erator incorporates many of the 
above design features . . . is ideal 
for providing protective atmos- 
pheres which are not only reduc- 
ing but are adjustable for carbon 
potential ... giving protection to 
medium or high carbon steel. 
Provides for the close control of 
retort temperatures, complete 
control of gas and air ratio and 
subsequent atmosphere dew 
point. Request complete data! 


Hayes Molecu-Dryer, 2 new concept in air and gas drying, effec- 
tively removes moisture down to a dew point of —100°F. Request 
complete data. 

Hayes Service Engineers assist customers in starting their equip- 
ment and adjusting it to meet their exact requirements. What- 
ever your heat treating problem, bring it to the unique Hayes 
Laboratory for recommendations!! 


CERTA In 


<p» 


¢. i. HAYES, inc. 


Established 1905 
800 WELLINGTON AVE. ° 


ELECTRIC( 


AG AE ES 


CRANSTON 10, R. I. 


regulation of the gas-air valves. 


e HEAT EXCHANGER designed with easily accessible, 
straight tubes . . . facilitates cleaning without disassembly, 


e FLOW METERS give accurate indication of actual, not 
relative, flow measurement. 


e SPECIAL FEATURE AVAILABLE to adapt standard model to 
glass-to-metal sealing applications. Request details. 


e STANDARD SIZES range from 200 CFH to 4000 CFH. 
Larger sizes also available. 


Hayes Type AD Ammonia Disso- 
ciators are now available at rated 
capacities up to 5000 CFH ... 
producing a comparatively inex- 
pensive hydrogen-nitrogen 
atmosphere of extreme purity 
and very low dew point. Such 
atmospheres are required for 
heat treatment of stainless steels 
and are extremely helpful in pro- 
viding protection where exother- 
mic atmospheres are not adequate. 





Request Bulletin 256 for complete information on Hayes Atmos- 
phere Equipment. Let us show you how to improve your product, 
increase output, and reduce unit costs . . . with RESULTS GUAR- 
ANTEED! Check literature desired on any of the following proce- 
dures... write today! 


(_] Bright Heat Treating 

(] Stainless Steel Heat Treating 

(] Sintering 

[_] Copper Brazing and Soldering 

[_] Lead Pot Hardening and Tempering 


(_] High Speed Hardening 
(] Tool Steel Hardening 
(] Carbo-Nitriding 

C) Tempering 


| a 2 


coerce “ 


Company ‘ clneiiaieaen sitll Veesidlinsabadtbesinsnisbbeapiaciotetenieiediadaiaad 





[ (] Vacuum Heat Treating 


ae ee oe ES OT eT eee 
City and State 








For more information, turn to Reacer Service card, circle No. 547 
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Tape runs machine—tThe first production model of a “numerically 
controlled” jig borer has been sent by Pratt & Whitney Co., Inc., to 


Pratt & Whitney Aircraft Co. 
The 12-ton machine 


(see photo) operates automatically from 


information fed to it by a punched paper tape. This system of 
numerical control is believed to be the nearest approach yet devised 
to complete automation of machine tools. The machine will be used to 
turn out parts on the company’s aircraft production lines. 





Castings Sessions Set by ASME 


Five sessions dealing with many 
phases of castings will occupy a 
major portion of the 1957 fall 
meeting of the American Society 
of Mechanical Engineers, to be 
held Sept 23-25 in Hartford, Conn. 


The castings sessions, spon- 


sored by the Metals Engineering 
Div. of ASME, will include papers 
on a wide range of subjects, from 
magnesium castings to elevated 
temperature properties of alloy 
steel castings. In all, 15 papers on 
castings will be delivered. 


First Industry-Owned 
Nuclear Testing Reactor 


The world’s first industry-owned 
nuclear testing reactor is being 
built by Westinghouse Electric 
Corp. According to Charles H. 
Weaver, vice president, the re- 
actor will operate in the range of 
20,000 kw, or above, and will be 
used primarily for irradiation 
testing of fuel and materials for 
power reactor use and for investi- 
gating the effects of radiation on 
materials in general. It may also 
be used for limited production of 
radioisotopes. 

The reactor will be housed in a 
building consisting of a vapor 
shell 72 ft high by 70 ft in dia 
placed above a concrete basement 
32 ft deep. Uranium enriched by 
isotope U-235 will be used as fuel. 
The reactor will be loaded with 
approximately 60 fuel elements. 


Research Program 
Aims for Pure Metals 


A long range research and de- 
velopment program aimed at de- 
veloping commercially feasible 
methods of producing chromium, 
columbium, molybdenum, tanta- 
lum, tungsten, titanium, zirco- 
nium and hafnium in high degrees 
of purity has been initiated by 
Metal & Thermit Corp. 

According to H. E. Martin, 
president, research will be con- 
cerned with three principal areas 
of metal reduction: chemical- 
metallurgical methods such as 
those used in producing columbi- 
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TIN 
REPORT ~~ 


New developments in 
the production, mar- 
keting and uses of tin 


f 


Ps 


A number of new tin-zirconium alloys 
developed for use in the constructional 
elements of nuclear power plants have 


been patented by the U.S. Atomic | 
Energy Commission. These alloys, con- | 
taining from 1.8% to 4.5% tin and | 
between 0.3% and 3.3% molybdenum, | 
are said to have high tensile strength at | 


elevated temperatures and excellent cor- 
rosion resistance. 
* * * 

A new group of alloys containing titani- 
um, copper, aluminum and tin are said 
to react to heat treatment very much 
like steel. They are strong and ductile 
at temperatures up to 1000°F. and 
should have important applications in 
a variety of industries. 


August 31 was Merdeka (Inde- 
pendence) Day in the Federation 
of Malaya. It then became a new 
self-governing nation in the Brit- 
ish Commonwealth. The Chief 
Minister, Tengku Abdul Rah- 
man, who proclaimed the Federa- 
tion’s independence, had previ- 
ously declared that a primary 
concern of the Government is the 
well-being of the _ tin-mining 
industry. 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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Tin plating large engineering compo- | 


nents—a problem for years—for the first 


time now has a commercially practical | 


solution. “Dalic” plating brings the 


anode and the electrolyte to the work- | 


piece, instead of vice versa. There are 


further advantages. The tin film deposit- | 


ed is finer grained. Deposition is both 
speedy and controllable to precise time 
limits. 
* * * 

Continued experiments in bonding 
aluminum-tin bearing alloys to steel 
have brought greater improvements. By 
hard rolling the aluminum-tin so that 
its hardness is close to that of soft mild 
steel, the alloy can be rolled directly 
onto steel without aluminizing the steel 
first. This cuts out several manufactur- 
ing steps, with resultant savings. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses and applications. 


The Malayan Tin Bureau 
Dept. 245, 1028 Connecticut Ave., Washington 6, D.C. 


For more information, circle No. 501 
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um and titanium; electrochemical 
methods such as those used in 
making aluminum and magnesi- 
um; and the aluminothermic proc- 
ess presently being used by Metal 
& Thermit to produce chromium 
and various ferro-alloys. 


Colleges and Industry 
Hold Combined Classes 


Western Electric Co., in coop- 
eration with a number of leading 
universities, has started a pro- 
gram of graduate education for 
its engineers. According to 
Timothy E. Shea, vice president, 
the new program is equivalent in 
cost and administrative effort to 
the establishment of a new engi- 
neering school of 1000 full-time 
students. 

The educational activities are 
being conducted on college cam- 
puses and in three specially 





Stainless test loop—Shown above 
is some of the equipment used to 
test atomic reactor coolant valves in 
Crane Co.’s new testing facility. An 
important part of this equipment 
(under an insulating blanket in 
photo) is a hot test loop made of 
stainless steel piping. The test loop 
is actually two separate high pres- 
sure, high temperature piping loops. 
The main loop is connected to the 
inlet and outlet valve under test and 
a secondary actuator loop is con- 
nected to a valve cylinder to open 
and close the valve under test. 
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Include Ke 
in your 





Every molding job at K & J goes 
through engineering — whether we 
start from scratch or follow customers’ 
blueprints and specifications. Often 
we are able to suggest a change 
which means better performance, 
lower cost or other advantages. Make 
use of K & J's engineering facilities 
for your next job that calls for com- 
pression molding. 


KUHN & JACOB 


MOLDING & TOOL CO. 
1203 Southard St., Trenton 8,N.J. 


Represented by 
Ss. C. Ullman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 


For more information, circle No. 367 





Better Protection Against Corrosion 


Fasteners stay on the job for longer periods of time, and in virtually all kinds 
of atmosphere, when protected against corrosion with Bethalume— Bethlehem’s 
hot-dip coating of pure aluminum. 

The Bethalume coating resists corrosion for long periods because it is vastly 
superior to other types of hot-dip coatings. The Bethalume coating is applied to 
the base steel by a special technique, providing a corrosion-resistant surface 
which is unusually uniform over the entire area of the article. As a result, threads 
are cleaner and sharper than is the case with other hot-dip coatings. 

Because of its uniformity, plus the superior corrosion resistance of aluminum, 
the Bethalume coating has the ability to provide exceptional service just about 
anywhere—even in high-temperature corrosion applications. 

Like to look into the service life of Bethalume-coated fasteners in corrosive 
atmospheres? If so, just drop a line to the nearest Bethlehem sales office. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


For more information, turn to Reader Service card, ci.cle No. 402 


Showing the uniformity of 
the Bethalume coating at 
root and crest of threads. 
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New Things Are 
Happening With 
Graphite 


® Do you know that a graphite 
material of construction is avail- 
able which is impermeable and 
is unaffected by practically all 
corrosives (even chlorine) at any 
temperature? ... Of that another 
carbon-graphite material posses- 
ses a hardness as great as that of 
glass? 


@ These outstanding graphite 
materials are only two of the 
special formulations developed 
by Graphite Specialties Corpora- 
tion, who regularly produce 
graphite components with spe- 
cial properties of density, purity, 
strength, permeability, chemical 
resistance, machining character- 
istics, etc. 


®@ Graphite Specialties Corpora- 
tion can produce graphite suf- 
ficiently pure for moderating 
nuclear reactors; or with re- 
quired properties to provide an 
exceptionally low erosion rate in 
rocker nozzles; or with corrosion 
resistance values to permit use 
with chlorine at amy temperature. 
In addition, other special types 
are available for crucibles for 
transistor crystal growth, difficult 
metallurgical and chemical ap- 
plications, as well as for me- 
chanical equipment component 
parts. 


@ Most types of graphite can be 
furnished in rod, tube, sheet and 
block form, or can be molded 
or produced in special extrusion 
shapes, or can be machined to 
close tolerances. 


@ Write today for information 
relating to your specific require- 
ments to Graphite Specialties 
Corporation, 64th Street at Pine 
Avenue, Niagara Falls, New 
York. 














For more information, . circle No. 425 


equipped centers in New York, 
Chicago and Winston-Salem. Each 
of these centers will include lab- 
oratories, libraries, study halls, 
classrooms and related facilities. 
Presently six universities are co- 
operating in the program: New 
York University, Northwestern, 
Illinois Institute of Technology, 
Cornell, Duke and North Carolina 
State. 


Engineers 





John Grotzinger, Goodyear Tire & 
Rubber Co., has been elected to the 
grade of Fellow in the American 
Institute of Electrical Engin¢éers. 


Allan D. Blackledge has been pro- 
moted to assistant manager of 
Cameron Iron Works, Inc. 


Dr. Marion B. Geiger has been ap- 
pointed director, general develop- 
ment, Hooker Electrochemical Co. 


B. V. Edmunds is now works man- 
ager, Quaker Rubber Div., and 
Edgar G. Platt general works man- 
ager, Refractories Div., H. K. Porter 
Co. Ralph R. Rose has been ap- 
pointed manager, Basic Refractories 
Project. 


Henry Present has been appointed 
director of engineering and metal- 
lurgy, Jelrus Precision Casting Corp. 


Arnold L. Rustay is now technical 
director and Marion E. Cieslicki is 
director of research at Wyman- 
Gordon Co.’s Eastern Div. Expansion 
of the research and development de- 
partments also moves Chester J. 
Orciuch to metallurgical manager 
and Carl G. Bergstrom to chief 
metallurgist. 


E. A. Hoffman has been selected for 
the position of manager, industrial 
analysis, Research and Development 
Dept., La Salle Steel Co. 


Andrew G. Duzsik has joined Borden 
Co., Chemical Div., as manager of 
manufacturing operations in the 
Resinite Dept. 


C. C. Carroll has been named re- 
search coordinator, United States 
Radium Corp. H. A. Vaughan suc- 
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| : FREDDY FEDERAL SAYS: 
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product 


@ For Cutting Costs 
®@ For Expediting 
Experimentel Work 


@ For Speeding Pilot 
Plant Operation 


@ For Making Quick 
Product Changes 


® For Meeting Time 
and Cost Budgets 


@ For Replacement Parts 
on Obsolete 
Equipment 


®@ For Small Orders 


SAVE UP TO 80% 


of the cost of conventional tooling 
methods with Federal’s ‘‘Controlled 
Tolerance”’ short run stampings. Meet 
time and cost factors with accurate, 


quality stampings of any material up 


_ to 10’x14"x14" thick .. . any quantity 


from 2 pieces to 10,000. Send your 


| print, sketch or part for a Federal 
_ Analyzed Quotation. Prompt service 
| and prices. 


FREE 
CATALOG 


Tells where and how you 
can save money using 
Short Run Stampings. 
Gives design tips that 
reduce stamping costs. 
Write for catalog 20! 


federal OOL & MFG. CO. 
3652 Alabama Avenve 


Minneapolis 16, Minn. 


| QUALITY STAMPINGS IN SMALL QUANTITIES 


For more information, circle No. 564 
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AVISCO, RAYON IN BELTS BY GOODYEAR 
ADDS TOUGH, TROUGHABLE, FLEXIBLE LONG LIFE 


Best way to move 6200 tons of iron ore every hour, night and 
day, over 1200 feet? One of America’s major steel mills 
selected conveyor belt by Goodyear, with Avisco rayon as 
its rugged backbone. 


Avisco rayon helps to make belts tough. Troughable. 
Flexible—without stretching. And since Avisco rayon pound 
for pound is strong as steel, belts can be lighter as well. With 


American Viscose Corporation, 350 Fifth Avenue, New York |, N. Y. 


fewer plies, they’re easy to fabricate, easy to work with. 
Experience in thousands of applications proves their long 
life. Yet the cost of this reinforcing yarn is low. 


Whether you're a fabricator or a user of products that 
require reinforcement, Avisco rayon can help. You'll want 
all the facts. Write American Viscose Corporation, 350 Fifth 
Avenue, New York 1, N. Y. 


AviIsco 


RAYON 


For more information, turn to Reader Service card, circle No. 553 
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SEEKING THE 
IDEAL MATERIAL 


* Molds for powder metallurgy? 


lt 


* Sintering boats? 


* Crucibles, jigs, plates? 


* Similar hot applications? 


HERE'S YOUR ANSWER 


Speer carbon and graphite parts are 
not wetted by molten metals. They hold 
their shape with no warping, regard- 
less of temperature. They have high 
heat transfer and will not break down 
under severe thermal shocks...will not 
crack or split... are chemically inert. 


Easily machined or fabricated, Speer 
carbon and graphite parts can be pro- 
vided in almost any size and shape to 
your exact dimensional tolerances. If 
you have a design problem involving 
high temperatures, examine the advan- 
tages—and economies of Speer Carbon. 
Speer’s knowledge and experience is 
yours for the asking—mail the coupon 
today for further details. 


Se 


Le 


Please send information on carbon for use in 








Name 





Title 





Company 


Address 











aS State 


SE 
For more information, circle No. 534 
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ceeds Carroll as plant manager of 
the Bloomsburg, Pa. plant. 


Leonard N. Goodell has been named 
manager of electrical products and 
Fenton L. Tippett manager of me- 
chanical products, Sunnyvale Div., 
Westinghouse Electric Corp. 


Clarence C. Smith has been ap- 
pointed director of engineering, 
Tranter Mfg., Inc. 


Richard Schiewetz has advanced to 
manager of the new Trane Co. plant 
at Clarksville, Tenn. 


Walter H. Sieger is now president 
of Revere Corp. of America. 


Edgar Schmued has been elected to 
the executive committee, Northrop 
Aircraft, Inc. 


Robert A. Lebowitz has been ad- 
vanced to manager of manufactur- 
ing, Polytechnic Research & De- 
velopment Co., Inc. 


Robert P. Hindman and William R. 
Gealey have been named assist- 
ant general superintendents, Armco 
plant, and Leroy G. Greenert super- 
intendent of the rolling dept., Butler 
Works, Armco Steel Corp. 


Robert A. Erskine has been ap- 
pointed chief engineer, Industrial 
Dept., and Carl E. Gunther chief 
engineer, Marine and Ordnance 
Dept., Vickers, Inc. 


Dr. Robert F. Rea is now director of 
engineering, Diamonite Products 
Mfg. Co. 


Prof. William H. Graves has been 
elected vice president, American 
Forging & Socket Co. He succeeds 
the late Frederick C. Anger. 


Robert S. Sterrett has joined Mathe- 
son Co., Inc., as manager of its 
Joliet, Ill., branch. 


Anthony Del Duca has been ad- 
vanced to chief electronics engi- 
neer, Process Instruments Div., and 
Ernest M. Whitley has been ap- 
pointed production engineer, Spinco 
Div., Beckman Instruments, Inc. 


Clyde Bohner has joined the Prod- 

uct Design and Development Div., 

United States Testing Co., Inc. 
(News of Companies on p 262) 
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Assembly-line application of 
NOPCO" LOCKFOAM PLASTICS 


. with NOPCOMETER®, the proven 
automatic metering, mixing and dispens- 
ing machine. Nopco LOCKFOAM, the 
versatile urethane foam plastic which 
when poured in place shapes itself to fill 
any cavity regardless of configuration, 
can now be incorporated into a variety 
of products on an economical produc- 
tion line basis with the Nopcometer. 

The Nopcometer is the answer to the 
need for accurate, dependable meter- 
ing, mixing and dispensing of any of the 
Lockfoam formulations at the produc- 
tion line automatically ... and intermit- 
tently. Compact portable design permits 
easy transfer to any point along the 
assembly line for manufacture of both 
small and large units. The illustration 
above shows the Nopcometer in opera- 
tion pouring Lockfoam P502 structural 
panels 2” x 4’ x 8’ at a rate of 20 lbs. 
min. An increase of 2400% over patch 
pouring. 

Structural and insulating sandwich 
panels, trailer truck bodies, freezer cabi- 
nets, and encapsulated electronic assem- 
blies are just a few of the products now 
being produced daily with current Lock- 
foam formulations. 

Lockfoams are formulated to provide 
any degree of rigidity or flexibility, ten- 
sile strength, density, and thermal or 
electrical properties. And with the Nop- 
cometer manufacturers now have a 
combination that opens unlimited possi- 
bilities for new manufacturing tech- 
niques...new product designs... and 
vastly better product performance. Both 
are now available for large scale volume 
production requirements. We await your 
inquiry. 


PLASTICS DIVISION 
NORTH ARLINGTON, N. J. 
Los Angeles, Calif. 


For more information, circle No. 557 

































YOLOY “E” IS ON THE JOB 


J | ..» giving greater strength and 
3 corrosion-resistance to salt mine cars 


These special mine cars operate 1100 feet below ground 

where repairs and replacements are costly and difficult. 

Yoloy ‘“‘E” was chosen for the bodies of these cars because 

The International Salt Company needs rugged equipment. 

Equipment that will resist severe corrosion; equipment that 
g is strong and durable but light in weight. 


Yoloy “E” steel meets these exacting specifications. Yoloy 
“E” has a high strength to weight ratio, superior resistance 

| of to corrosion, high resistance to shock and fatigue failure, 
and is easy to weld and fabricate. 


ven 


Youngstown’s complete family of Yoloy steels is available 
in sheets, plates, bars, shapes, Cold Drawn Bars, and Tubu- 
lar products. Data sheets on each of the Yoloy family of 
steels will be sent upon request. 









the 
i Pratietid ib Cotsen, THE YOUNGSTOWN SHEET AND TUBE COMPANY 
| General Offices - Youngstown 1, Ohio 
Alloy and Yoloy Steels District Sales Offices in Principal Cities 
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me Write for these free pamphlets in 
Jur The Yoloy Family series: 
YOLOY “E” High Strength Low Alloy Steel- 
standard applications 
YOLOY High Strength Steel-special 
Photograph courtesy of Irwin Foundry and Mine Car Co. YOLOY “Ss” Pa se Steel for increased 
service life 
YOLOY “C” Corrosion Resistant Grade for deep 
forming 
YOLOY PIPE Continuous Weld for corrosion 
resistant applications 
7 For more information, turn to Reader Service card, circle No. 435 






SEPTEMBER, 1957 ¢ 261 








For Carbonitriding 
Carbon Correction | 


Carburizing 


Non-Decarb, Scale-Free 
Hardening and other 
Processes, 

175 to 2000 Ibs. per hour 





EF Gas Fired Radiant Tube Combination Hard- 
ening and Dry Cyaniding Unit Fitted with an 
Automatic Feeder that Distributes the Parts | 
Evenly on the Chain Belt Conveyor; and a | 
Dual Quench, See View Below. 


| 


The EF chain belt conveyor furnace is | 
one of the most satisfactory continuous | 
heating units yet devised for treating | 
small and medium size parts. The material | 
is loaded onto cast link conveyor belt; | 
carried through the furnace; heated uni- | 
formly to proper temperature; automa- | 
tically quenched and discharged. No pans | 
or trays are needed. Hundreds in daily | 
operation prove the dependability and 
efficiency of our design. Gas, oil or elec- 
trically heated. Furnished complete with 
any desired feeding, discharging or special | 
atmosphere equipment. 


The Conveyorized, Partitioned Dual Quench 
Moves Laterally to Permit either the Complete 
Oil or the Water Quenching Equipment to he 
Positioned under the Sealed Furnace Discharge. 





BULLETIN No. 461 
shows typical installations 
of EF Gas-fired, Oil-fired 

and Electric Furnaces 

Send for a copy today! 


THE ELECTRIC FURNACE CO. 
Sabm - hieo 


GAS-FIRED, OIL-FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 


Canadian Associates 
CANEFCO LIMITED * Toronto 1, Cancda 


Companies 





Bendix Aviation Corp., Scintilla Div., 
has announced a $5 million plant 
expansion program’ scheduled for 
completion by 1961. 


Seaboard Pacific Div. is the new 
name for Seaboard Coil Spring Div., 
Associated Spring Corp. The new 
name reflects Seaboard’s expansion 
from limited types of helical springs 
to the whole range of precision me- 
chanical springs and spring steel 
products. 


American Biltrite Rubber Co., Ine. 
and Boston Woven Hose & Rubber 
Co. have merged. The latter company 
will continue to operate as a division 
of Biltrite. 


Dow Corning Corp. is building a sili- 
cone products manufacturing plant 
at Greensboro, N. C. to be known as 
the Silicone Specialties Div. 


Chicago Rawhide Mfg. Co. has 
established a Special Polymer Sec- 
tion of its Sirvene Div. for the 
manufacture of molded _ synthetic 
parts. 


Dana Corp. has activated an Air- 
craft Dept. which will operate as 
part of its Pottstown, Pa., Div. 


Electronic Communications, Inc. is 
the new name of Air Associates, Inc. 
The former Aviation Supplies Div. 
is now the Air Associates Div. of 
Electronic Communications. 


Eldon Fiberglass Mfg. Co., Aircraft 
Div., has added a 40,000-sq-ft plant 
to its Los Angeles facilities. 


The Martin Co. is the new corporate 
name of Glenn L. Martin Co. 


Fairchild Engine and Airplane Corp. 
has integrated operations of its 
former Florida Speed Control Div. 
with the Industrial Products Branch 
of the Stratos Div. at West Babylon, 
Rack, Bh. Be 


Milton Roy Co. is constructing an 
18,000-sq-ft plant in St. Petersburg, 
Fla. 


Kaiser Steel Corp. has increased its 
budget for the current expansion 
program to a total of $194 million. 
Ingot capacity will be virtually 
doubled; principal product increases 
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TAKE 
YOUR 
PICK! 


Special 
@lalmeolaat-ticd ani-y-taela-1— 
solve 3 spot 
al=t-Ga)alem claeleli-laal— 


FLEXING 





Spring strain reliever of high tempera- 
ture stainless steel for applications in 
which cartridge heater leads flex. High 
tensile spring, mechanically locked to 
heater, covers lead wires a distance 
sufficient to distribute stress. 








Moisture-resistant flexible brass con- 
duit protects lead wires of cartridge 
heaters operating in presence of steam, 
water, oil and vapors. Also offers added 
protection from flexing, vibration and 
mechanical damage 





ABRASION 





Flexible brass conduit protects car- 
tridge heater lead wires against abra- 
sion from other moving parts and from 
accidental mechanical damage. Safety 
factor where lead wires are exposed to 
machine operator. 





FREE BULLETIN! 


— 
CHROmAL Ox 


CHROMALOX 
ELECTRIC 
CARTRIDGE 
HEATERS 


Get the full story. Call your Chrom- 
alox Representative or write today 
for Bulletin 850. 


c-2101 


Edwin L. Wiegand Company 


7533 Thomas Boulevard « Pittsburgh 8, Pa. 


For more information, card, circle No. 49° 





You have never seen Fluoroscopy 
Like This! 


FLUOREX Penetrates Thicker Sections... 





Shows Better Detail! 


Now you can “see” through thicker, heavier 
castings, welds and assemblies with unsurpassed 
detail, definition and resolution. The Fluorex® 
Image Intensifier, a product of Westinghouse 
research and engineering, assures rapid, accurate 
fluoroscopic inspection; lets you see more, faster. 
Other advantages are daylight viewing (because 
image is so bright), and a field no larger than the 


eye can view comfortably. Fluorex can be 


you CAN BE SURE...1F ITS 


Westinghouse 


quickly adapted to your existing X-ray inspec- 
tion equipment. 

Whatever your X-ray inspection problem 
may be, our staff of Industrial X-ray Engineers 
can help you solve it with Westinghouse fluoro- 
scopic or radiographic equipment. Write today 
for complete information: Westinghouse Elec- 
tric Corporation, X-ray Department, 2519 
Wilkens Avenue, Baltimore 3, Maryland. 5-08352 


INDUSTRIAL X-RAY 


Westinghouse Electric Corp. 
X-RAY DEPARTMENT 
2519 Wilkens Avenue 
Baltimore 3, Maryland 


For more information, turn to Reader Service card, circle No. 590 
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COLD DIP 
COATINGS 


Looking for a plastisol to give 
you heavy, uniform coatings 
without preheating your prod- 
uct before dipping? 


Then look to Reynosol — 
America’s fastest growing 
plastisol for cold-dips. Prod- 
ucts such as dish drain bas- 
kets, gloves, boots, cable, wire 
—in fact any product of metal, 
fabric, wood or paper can be 
successfully cold dipped with 
Reynosol. 





COLOR UNLIMITED 


SP. GR. 


== |. 


LITTLE 
OR NONE 


% FILM 95%, to 
FORMING 100% 


10,000 TO 
15,000 CPS. 





WEIGHT 





FIRE HAZARD 








VISCOSITY 





AGING 
PROPERTIES GOOD 


COLD FLEXIBLE 
PROPERTIES AT 65° F 


LIGHT RESISTANCE GOOD 


DRY AND 
GLOSSY 


VERY GOOD 
VERY GOOD 











TYPE OF 
SURFACE 





TENSILE STRENGTH 





SCUFF RESISTANCE 





ABRASION 
RESISTANCE 


VERY GooD 
VERY GOOD 


VERY GOOD» 





ALKALI RESISTANCE 
ACID RESISTANCE 
OlL RESISTANCE 











COST PER .001 APPX. $.034. 
INCH THICKNESS $Q. YD. 

















Member Vinyl Dispersion Division, SPI 








ANN ARBOR, MICHIGAN 


DIVISION OF STUBNITZ GREENE CORP. 
For more information, circle No. 578 
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will be in plate, sheet, tinplate and 
pipe. 


Macco Chemical Co. has concluded 
ar. agreement to acquire the out- 
standing capital stock of Gates En- 
gineering Co. and Delaware Valley 
Steel Works, Inc. Gates and Dela- 
ware will be operated as separate 
corporations. 


National Automatic Machine Tool 
Co., Inc. has increased its main 
plant floor space by the addition of 
a 75x 53860-ft building. 


Hydroforming Co. of America, Inc., 
a new company located in Chicago, 
uses a custom deep drawing process 
that operates without conventional 
costly dies. 


San Antonio Chemicals, Inc., a new 
subsidiary of American Potash & 
Chemical Corp., will start a compre- 
hensive research program to un- 
cover commercial uses for rubidium 
and cesium. 


Robertshaw-Fulton Controls  Co., 
Flexible Shaft Div., has moved to a 
new and larger plant in Chatham, 
N. J. 


Ryko Products, Inc. has started pro- 
duction at its new Los Angeles 
plant. 


Societies 





Powder Metallurgy Parts Manufac- 
turers Assn. is a new group formed 
by 21 charter members, custom man- 
ufacturers of powder metal bearings 
and structural parts. The group 
plans to promote the use and sale 
of powder metal bearings and parts, 
develop improved technical stand- 
ards, and disseminate design infor- 
mation to aid engineers throughout 
industry. Officers of the new associ- 
ation are: president—Kenneth M. 
Gleszer, Dixon Sintaloy, Inc.; vice 
president — William R. Toepletz, 
Bound Brook Oil-less Bearing Co.; 
secretary-treasurer—George L. Bach- 
ner, Powdered Metal Products Div., 
Yale and Towne Mfg. Co. Directors 
are: Smith Bolton, U. S. Graphite 
Co.; William Toepletz, Bound Brook 
Oil-less Bearing Co.; Col. G. W. Tri- 
chel, Amplex Div., Chrysler Corp.; 
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Tolerance 
tor Strip? 




















Performance 


| With the installation of the first Accu- 
| Ray Nuclear gauge ever employed in 


the non-ferrous industry, Somers is able 


| to control the thickness of thinstrip to 


the hundred-thousandth even on pro- 
duction runs. 

This is typical of the modern equip- 
ment and the careful quality control 
that enables Somers Brass to produce 
the one thinstrip job in ten that must 
meet exacting standards with absolute 
uniformity. 

If you are now using or anticipate the 
need for thin gauge brass, nickel, copper 
and alloys with extremely close toler- 
ances write for the Confidential Data 
Blank. There is no cost or obligation. 


» 
Yomers 


Somers Brass Company, Inc. 
108 BALDWIN AVE. WATERBURY, CONN, 


For more information, circle No. 484 
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at 


Drill bolt holes in 
“clip angles.” 


2 Weld clips to stringer. 


3 Drill holes in rake 
blades. 


4 Mill stringer slots in 
rake blades. 





5 Bolt rakes to clip angles. 


REPEAT FOR EACH 
BLADE 


PROCEDURE 














PRESENT PROCEDURE 


renee 
I 





1 Drill bolt holes in 
stringer. 


2 Bolt one-piece castings 
(complete with holes, 
slots, and flanges) IN 

RIGHT- AND LEFT- 

HAND PAIRS, to 

stringers. 






















\ Use of Cooper Alloy close-tolerance shell cast- 
| ing eliminates 3 out of 5 machining operations 
for Dorr-Oliver rake classifier blades, showing 





Type H rake classifier made by Dorr-Oliver Inc., 
of Stamford, Conn., separates solids in liquid- 
solid mixtures into two fractions according to 
particle size. Fine materials overflow with liquid 
at lower end of inclined tank; larger particles 
settle to tank bottom, are continuously raked up 
inclined slope and dis- 
charged ‘‘over top”’ 
Rake blades move in 
oval track due to motion 
of rocker head, must be 
precisely aligned to 
move settled material up 


How to Cut Fabrication Costs with 
Close-Tolerance Stainless Castings 





to next rake without r~) 
either scraping or undue v 
clearance. =a? 





Accu- Construction was expensive, and often positioned, accurate in dimensions Dorr-Oliver, “were used directly as 
ed in unsatisfactory, in that heat of weld- to +.025”. cast, with no additional machining of 
able ing tended to put rakes out of align- «# Multiplicity of patterns for differ- @"Y kind. Dimensions were precise, 
ip to ment. ent widths of rake blades had to be Surfaces smooth, and finished align- 
pro- reduced, for economy. ment better than with previous 3- 
In redesigning, Dorr-Oliver decided , , en piece welded assembly. New proce- 
quip- to eliminate the clip angle as a sepa- Casting solutions For the critical dure saves time and handling, and 
ntrol rate third piece by incorporating it nange faces and bolt holes, shell has reduced our manufacturing costs 
duce into the blade castings. Original con- cake aaa capable of holding pre- on this piece considerably.” 
must ception was to cast rough slots and core ~ cASTING cise dimensions 
olute holes, then mill and drill them to di- FR ‘s —=—— Ye down to +.010", Such economy possibilities are avail- 
mensions. Cooper Alloy, after study ae ZA SAND: | ff Were prepared. able in almost any shape, no matter 
» the of the piece, determined that with “————————"_ They were in- how simple, or how ‘“‘cut-and-dried”. 
>per close-tolerance plastic shell cores, both ENTIRE PIECENDRAG. serted and be- Cooper Alloy has specialized for 35 
nler- bolt holes and stringer slots could be came an integral years in achieving such uncommon 
Yata cast directly in the rake blade, with- partern partofthegreen- results in close-tolerance stainless 
tion. out need of further machining. Also, Lar sand molds that steel castings, and can do the same 
that by using right- and left-hand > formed the less for you. 
patterns of rake flanges, two rake ie Arremimecs critical outer 
blades could be bolted to stringers CORE blade areas. To check on it, why not take advan- 
with one set of bolts. To save cost of a complete new pat- tage of our Foundry Engrg. Service? 
tern for each rake size, all sizes of Just send us (without obligation) a 
Casting requirements stringent rake were designed to have the same __ blueprint or outline of your problem 
= Bolted face of each of the upright blade thickness and flange dimensions. part, for cost analysis, to: Foundry 
” flanges required a smooth finish Patterns were then made of the nar- Products Division, COOPER ALLOY 
(250 A.S.A. Standard). rowest-width blade in each series, CORPORATION, Hillside, N. J. 
4 ( Adv.) 


Previous method of attachment 
of rakes to stringers was by “clip 
angles” welded to stringers, drilled 
and bolted to simple flat blades them- 
selves drilled and slotted as shown. 


For more information, turn to Reader Service card, circle No. 548 











cored holes had to be smooth, 
accurate to +.010”, and precisely 
positioned for proper fitting of 
parts. 

# Stringer slots had to be precisely 


a 1) 4,” 











































loose pattern pieces being added to 
increase blade width of the larger 
rake sizes. 


Results —‘“These rake blades”, says 
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NIAGARA Aero SECTIONAL HEAT EXCHANGER 


NIAGARA SECTIONAL 
Aero HEAT EXCHANGER 


gives close temperature 
control, saves you 


| 


LABOR, Power, Water | 


@ You gain in accurate control 
of quench bath temperatures and. 
quickly effective capacity to handle | 
initial peak load of heat in quenching. | 
You prevent production set-backs, | 
increase the output of your heat | 
treating department, prevent oil fires, 
save losses from rejected parts. | 


Niagara Aero Heat Exchangers | 
give you this control in both furnace 
and induction hardening methods. | 
They prevent both over-heating and 
over-cooling of the quench bath. 
Hundreds of heat treaters know they 
prevent many troubles, constantly 
improve quality and increase pro- 
duction. 


They quickly pay for themselves | 
by saving cooling water coils and 
extend your quench capacity with- 
out extra water or cooling tower. 


Use Niagara Aero Heat Exchangers 
also to cool and control tempera- 
ture of furnace jackets, induction 
heaters, welders, wire drawing and 
extrusion dies, rolls, transformers, 
engines and all plant water cool- 
ing systems. 


Write for Bulletins 120 and 132 
giving complete information. 


NIAGARA BLOWER COMPANY 


Dept. MM-9, 405 Lexington Ave. 
NEW YORK 17, N. Y. 


District Engineers in 


Principal Cities of U. S. and Canada 





For more information, circle No. 532 


Jesse Helsel, Ferro Powdered Metals; 
John E. Miller, Chicago Powdered 
Metal Products Co.; G. G. Fellows, 
American Powdered Metals _ Inc.; 
G. L. Bachner, Powdered Metal Prod- 
ucts Div., Yale and Towne Mfg. Co.; 
M. T. Victor, International Powder 
Metallurgy Corp.; and K. M. Gleszer, 
Dixon Sintaloy, Inc. 

The firm of Hanson and Shea, Inc., 
1 Gateway Center, Pittsburgh 22, 
Pa., will handle the affairs of the 
new association. 


Investment Casting Institute has 
awarded cast investments of a whale, 
mounted on rosewood blocks, to Irv- 
ing B. Hexter, president of Industrial 
Publishing Corp., and Robert R. Mil- 
ler, president of Precision Metal- 
smiths, Inc. for the “whale of a job” 
each man did for the ICI. 


American Die Casting Institute, Inc. 
has elected Clifford L. Anthony, 
Hoover Co., vice president. He will 
complete the term of C. J. Sheehan, 
Aluminum Co. of America, who is 
now president. 


Drop Forging Assn. has elected the 
following directors: Victor J. Taylor, 
American Brake Shoe Co.; Harold F. 
Wood, Wyman-Gordon Co.; Barney 
C. Cox, Melling Forge Co.; Earl M. 
Tilton, Columbus, Ohio; James H. 
Greene, Brewer-Titchener Corp.; and 
George G. Wilcox, Storms Drop 
Forging Co. 


Lead Industries Assn. has elected 
two new directors: William P. Wilke, 
Hammond Lead Products, Inc., and 
Reuben Viener, Hyman Viener & 
Sons. 


Cleveland Engineering Society will 
start construction of the Cleveland 
Engineering and Scientific Center 
although still $650,000 short of its 
$1,525,000 fund raising goal. 


Commercial Chemical Development 
Assn. has elected the following offi- 
cers: president—L. E. Johnson, In- 
ternational Nickel Co.; treasurer— 
W. J. Riley, Food Machinery and 
Chemical Corp.; executive secretary 
—G. A. Harrington, Amoco Chemi- 
cals Corp. Directors are: W. M. 
Barnes, Southwest Research Institute 
and W. A. Woodcock, Union Carbide 
Chemicals Co. 

(News of Meetings on p 268) 
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THE CRAYONS 
THAT TELL 


TEMPERATURES 


SM i” FO Ore 


IT’S THIS SIMPLE 


Select appropriate 
TEMPILSTIK® for the 
working temperature 
you want. 


Mark your workpiece 
with it. 

@ The TEMPILSTIK® mark 
melts as soon as its 
temperature rating has 
been reached. 


Accuracy 
within 1% of 
rated melting 

point. 


Also available as 
TEMPILAQ® (liq- 
vid form) and 
TEMPIL® PELLETS 


63 different tem- 
perature 
available 


ratings 


. ths 4 
Pent t ie 


For information and samples, 
send coupon 


Cs. ||! 


Tempil corporation 


134 West 22nd St., New York 11,N.Y. 
Send information on: 


[] TEMPILSTIK® 


: 


| 
| 
| 
(] TEMPILAQ? ' 
[_] TEMPIL® PELLETS 

[] Send booklet “How Temperatures | 
are Measured” | 

[-] Send sample pellets for oF 
temperature | 
| 
} 


Name 
Address 
City 
State 


he ak ath: Gi Dies Anois ae eae ee 


Visit our Booth 71041 at the Chicago 
Metal Show, November 4-8, 1957 














For more information, circle No. 539 





papel Eg ee 


| All standard 
" models give 
| 360° rotation, 
full 135° tilt, 
and full elevation 
even under 


capacity A 3 Your biggest saving in welding 


loads 


is in weldment handling 


P&H Welding Positioners often cut costs up to 43% 
by making weldment handling easier. 


They raise, rotate, and tilt weldments up to 
100,000 pounds, completely freeing operators from 
the time-consuming, hazardous job of repositioning 
weldments on the floor. 


RESULT: Increased production, less operator 
fatigue, metal flows more readily, pools more evenly 


to produce cleaner, stronger welds — because all 
welding is done in the natural downhand position. 


For more information about how these useful ma- 
chines can save you money, write to Department 
305G, Harnischfeger Corp., Milwaukee 46, Wis. 


HARNISCHFEGER 


WELDERS + ELECTRODES + POSITIONERS 
MILWAUKEE 46, WISCONSIN 


For more information, turn to Reader Service card, circla No. 479 
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The story is in 
these two bulletins: 


high-speed operation .. . 
no scrap loss. 


7 is the LITTLE PART. 


NEw Rochelle 3-8600 


Small zinc alloy die castings exclusively 

Injection molded tiny NYLON (other plastic) parts 
GRC exclusive patented techniques guarantee 

precise tolerances and uniform quality . 

design flexibility. GRC saves, too, by doing it in one 

no trimming, no assembly, 


For more information, turn to Reader Service card, circle No. 386 


igelan| G Tes 
for SMALL PARTS users 


That's why the BIGGEST PART of our business 
- « in the product you make. 
Write, wire or phone TODAY for these bulletins. 
Better still send your prints for quotation. 


GRIES REPRODUCER CORP. 
World's Foremost Producer of Small Die Castings 
153 Beechwood Ave., New Rochelle, New York 


. . Offer broad 








ote 
inc oy 134", 2 o7; 
Plastic 1%" ‘0 of ot 
NO MINIMUM _e. 
Quantities from 
100,000 to millions. 
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SPECIALLY DEVELOPED CERAMICS may be 


the answer fo the application you're working on! 











BEAVER FALLS 


2\ MISIDVAN 


REFRACTORY PORCELAIN COMPANY 





ell 


@ Got a heat, abrasion or 
corrosion problem connected 
with your application? Try 
ceramics! Instrument manu- 
facturers, scientists, physi- 
cists, research workers and 
specialized producers are ap- 
plying McDanel Industrial 
Ceramics to a wide variety 
of difficult applications with 
success. Our trained cera- 
mists will work with you to 
develop design, special dies, 
specially balanced bodies 
and mixes . even new 
processes to suit your par- 
ticular need. Try ceramics! 
Write today! 


Send us a sketch of 
your application. 
Your inquiry is 
SPECIAL to McDanel! 


PENNSYLVANIA 


For more information, turn to Reader Service card, circle No. 464 
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Meetings 




























SOCIETY OF AUTOMOTIVE ENGINEER, 
tractor meeting & production fp. 
rum. Milwaukee, Wis. Sept 9-12. 


AMERICAN DIE CASTING INsTiTUuTR, 
annual meeting. Chicago. Sept 17- 
20. 


METAL POWDER ASSN., fall meeting, 
Pocono, Pa. Sept 20-21. 


STEEL FOUNDERS’ SOCIETY OF AMER- 


IcA, fall meeting. Hot Springs, Va. 
Sept 23-24. 


STANDARDS ENGINEERS SOCIETY, sixth 
annual meeting. New York City. 
Sept 23-25. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, fall meeting. Hartford, 
Conn. Sept 23-25. 


SIxTH ANNUAL INDUSTRIAL ELEc- 
TRONICS SYMPOSIUM. Chicago. Sept 
24-25. 


NATIONAL SCREW MACHINE PRODUCTS 
Assn., fall meeting. Colorado 
Springs, Sept 29-Oct 3. 


SOCIETY OF AUTOMOTIVE ENGINEERS, 
aeronautic meeting, aircraft pro- 
duction forum and aircraft engi- 
neering display. Los Angeles. Oct 
1-5. 


INC., fall 
Oct 6-10. 


ELECTROCHEMICAL SOCIETY, 
meeting. Buffalo, N. Y. 


NATIONAL ELECTRONICS CONFERENCE, 
13th annual conference. Chicago. 
Oct 7-9. 


GRAY IRON FOUNDERS’ SOCIETY, an- 
nual meeting. Chicago. Oct 9-11. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INnc., 13th annual New England 
Section conference. Portsmouth, 
N. H. Oct 10-11. 


PRESSED METAL INSTITUTE, annual 
meeting. Castle Harbour, Bermuda. 
Oct 13-17. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INc., Cellular Plastics Div. con- 
ference. New York City. Oct 16. 


AMERICAN SOCIETY FOR QUALITY CON- 
TROL, 11th annual conference, New 
England Sections. Bridgeport, 
Conn. Oct 16-18. 


MAGNESIUM ASSN., annual conven- 
tion. New York City. Oct 17-18. 


NATIONAL ASSN. OF CORROSION ENGI- 
NEERS, seventh annual western re- 
gional conference. Oct 22-24. 


ATOMIC INDUSTRIAL FORUM, fourth 
annual conference. New York City. 
Oct 28-30. 


































**T see you make parts and tubing 
for all types of air-conditioning installations . . . from units for the home 


to refrigeration systems for the farm.”’ 


This visitor to the H & H plant is right. No matter what 
type of unit you manufacture, H & H makes parts and tubing 
that will help you make it better. For more than 25 years we 


Expect the BEST have served manufacturers of air-conditioning and refrigera- 
brass and copper 


tion systems of every description, from small window units 
products from 


for the home to huge cooling systems for industry. 


H:.H TUBE AND MANUFACTURING CO. 


252 N. Forman Avenue, Detroit 17, Michigan * Offices from Coast to Coast 


METALFLO LOCKSEAM COIL STRIP SEAMLESS TUBING TUBULAR PARTS 
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LABORATORIES, INC. 


ayn el 
. pss ge , — 
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A DEPEN DABLE ‘SOURCE 





The plastic mouldings 
that simulate brass, 
chrome or copper. Use it 
on any raw edge for a 
sparkling finish. It’s 
highly flexible. Dimen- 
sionally stable, resists 
heat, salt water and cor- 
rosive elements. Never 
tarnishes. 










A complete injection mould- 
ing service with specialized 
emphasis on unbreakable 
plastics. 
















A complete bent glass and silver- 
ing service. We manufacture 
parabolic, spherical, elliptical, 
magnifying and minifying mirrors. 


Write for specification catalogs. 
Brooklyn 20 






We are specialists in 
small, custom-cast 
Alnico IJ Type magnets. 














GLASS LABORATORIES, INC., 65th ST. at Sth Ave 
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START WITH THE BEST! 


SHAMBAN 
TEFLON* 





AWG sizes 28 through 0 (special sizes made to order). In addition to 
natural, standard NEMA colors are available for polarity identification. 
Tubing is coiled on spools to insure against flattening, for efficient assembly. 


APPLICATIONS: Instrument tubing... Electronic applications... 
Wire sheathing... Medical tubing... Electrical connector sleeves... and 
many others where spaghetti tubing is indicated! 

CHARACTERISTICS: Tough & flexible .. . excellent dielectric 
properties... Chemically inert ..Low coefficient of friction... Heat 
resistant... Zero moisture absurption. 

Let SHAMBAN assist you on special characteristics you may be 
seeking. Write, wire, or phone for complete data. 
*du Pont Trademark 
Use the BEST in Fluorocarbon Products, Specify SHAMBAN ! 


W.S. SHAMBAN & CO. 


11617 W. Jefferson Blvd., Culver City, California 
Meyer Road, Fort Wayne, Indiana 
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Books 





Underground Corrosion. Melyiy 
Romanoff. National Bureau of 
Standards, Washington, D. C., 1957. 

aS Circular 579. Cloth, 8 by 10% 
in., 227 pp. Price $3. 

This circular is a final report on 
the studies of underground corro- 
sion conducted by the Bureau over 
a period of 45 years. Approximately 
37,000 specimens, representing 333 
varieties of ferrous, nonferrous and 
protective materials, were exposed in 
128 test locations throughout the 
United States. During this time the 
electrical and electrochemical aspects 
of underground corrosion, including 
cathodic protection, were continu- 
ously studied. Results from _ both 
field and laboratory investigations 
are presented in the circular. 


Technical Data on Plastics. Mun- 
ufacturing Chemists’ Assn., Wash- 
ington, D. C., 1957. Cloth, 11 by 8" 
in., 222 pp. Price $3.25. 

The purpose of this book is to 
acquaint the reader with the proper- 
ties that characterize the various 
commercially available plastics. Each 
section is devoted to a discussion 
and presentation of data for plastics 
having either a basic composition 
(vinyl chloride polymer and copoly- 
mer) or a basic form (thin films). 
Plastics of like base materials are 
divided into types, e. g., heat re- 
sistant, cold resistant, impact resis- 
tant and moisture resistant types. 
Where further subdivision is neces- 
sary several grades are listed under 
each type. The data presented in the 
tables are derived from tests made 
by each contributing manufacturer 
on his own products. 


The Machining and Grinding of 
Gray and Nodular (Ductile) Cast 
Irons. Norman Zlatin and Charles 
F. Walton. Gray Iron Founders’ So- 
ciety, Inc., Cleveland, 1957. Cloth, 
57 pp. Price $3. 

This book is intended primarily for 
use in the design, engineering and 
production of cast iron parts. It in- 
cludes chapters on the selection of 
tool materials, machining applica- 





































Can you use the unique 
combination of properties 
offered only by ‘‘MYLAR’’? 


REMARKABLE TOUGHNESS. “Mylar” is 
the strongest flexible plastic film ever 


made... tough even in extra-thin gauges! 


% 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil... average power 
factor of 0.003 at 60 cycles . . . dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 


THERMAL STABILITY. Tests prove 
“Mylar” has an effective operating range, 
—80° to 300°F. ... won’t brittle with age. 


Here’s why IBM introduced magnetic tape made 
with DuPont MYLAR for electronic data processing 


PROBLEM: International Business 
Machines Corporation wanted to in- 
crease the humidity and temperature 
range of magnetic tape used in its 
data-processing equipment. IBM was 
looking for a magnetic tape that 
maintained a relatively stable dimen- 
sion through a wider range of atmos- 
pheric conditions. 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING 
-«-THROUGH CHEMISTRY 


DU PONT rR 


MYLAR 


a @) Oe A hoe Oh ae 


SOLUTION: After conducting field 
tests over a period of 14 months, in 
conjunction with its own environ- 
mental test program on data-proc- 
essing machines, IBM introduced 
magnetic tape using Du Pont 
‘““Mylar’’* polyester film as the base. 


RESULTS: Magnetic tape made with 
““Mylar’’, reports IBM, has good 
dimensional stability. This stability 
reduces the need for critically con- 
trolling temperature and humidity 


in recording or storage areas. 


HOW CAN “MYLAR” HELP YOU? No 
matter what product you make, it 
will pay you to investigate the unique 
opportunities offered by ‘“‘Mylar’’ 

. opportunities to speed up pro- 
duction, improve performance or cut 
costs. For dramatic proof through 
successful applications of ““Mylar’’, 
send today for a copy of our new 
booklet. 


*“MYLAR” is Du Pont’s registered trademark for its brand of polyester film. 


E. I. du Pont de Nemours & Co. (Inc.) 


Film Dept., Room MM-9, Wilmington 98, Del, 


©) Please send your booklet out- 
lining advantages of magnetic re- 
cording tape made with ‘‘Mylar’’. 


Application 
Name 








O) Please send your booklet list- | Company 








ing properties, applications and Address 





types of ‘‘Mylar’’ available. (MB-11) 





City 


] 
{nen enesenenenanemane 








| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
u 


For more information, turn to Reader Service card, circle No. 591 


SEPTEMBER, 1957 ¢ 271 

















For more information, turn to Reader Service card, circle No. 517 








For Plastic Application 


Complete PLASTIC WELDING KIT 


“Do-It-Yourself” plastic welding kit permits fast, 
easy fabrication and repair of plastic components and 
weldments. Easy to use, the kit contains all necessary 
tools and supplies —110-V. welding gun, 15’ 
nitrogen hose, Nitrogen flowmeter, contour marker, 
Porosity spark tester, marking crayon, knife . . . 
plus, two simplified instruction books that guarantee 
successful welding. 


Apply Corrosion-Resistant Plastic Coatings With 
The Fluidizing SPRAY & DIP COATING UNIT 


This mobile, dual purpose unit called the Mark Ill, 
permits spray or dip coating of metal targets with 
corrosion-resistant coating using finely divided poly- 
ethylene powders. 331." high x 20” wide, unit 
consists of metal reservoir, 15” in dia. with 24” 
deep powder bed. It is easily moved by one man 
and can be attached to any available compressed 
air line. 


In addition to the application of polyethylene pow- 
der, the fluidizing process can be alse used to apply 
nylon and fluorocarbons, thus increasing the flexibil- 
ity of the unit. 


Orders filled promptly from stock, 
or write for further information. 





AMERICAN AGILE 


FIXTURES 
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5461 Dunham Road 
Maple Heights, Ohio 


American Agile Fabricating 
Equipment Opens New Fields 
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Corporation 


Mail Address: P.O. Box 
168, Bedford, Ohio 








a Real Tray 


a 
= 














No. 325 


Car type tray with gated end 
for fast dumping. 


No. 340 


Service 


from 


=, = STANWOOD! 


7 Stanwood has available dozens of designs of trays for 
handling parts through heat treating, each of 

which has proved itself in service. Name the part... 
we either have a tray or will design one to handle it 


more efficiently and economically for a maxi- 


mum period. Send for catalog. 






Reinforced tray to withstand 
pushing under load. For use in 
Ipsen, Eclipse and similar load- 
front discharge-rear furnaces. 


STANWOOD 4 CORPORATION 


RETORTS 


ILLINOIS 
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tions, machining properties of iron 
castings, economics of machi) ing 
and general machining recommend 
tions. 


da- 


Metal Statistics: 1957. American 
Metal Market, New York, 1957. 
Cloth, 4 by 6% in., 856 pp. Price 
$3.50. 

This new edition of Metal Statis- 
tics marks its 50th year of publica- 
tion. As in the past it contains a 
buyers’ and sellers’ guide and ‘up-to- 
date information on the production 
and consumption of such metals as 
aluminum, antimony, steel, tin, mag- 
nesium, lead, copper, titanium, zinc, 
tungsten, precious metals, lead, 
nickel, vanadium and cadmium. 


Quality Control and Statistical 
Methods: 2nd Edition. Edward M. 
Schrock. Reinhold Publishing Corp., 
New York. 1957. Cloth, 6 by 9 in, 
259 pp. Price $6.75 | 
A revised and up-to-date edition 
of a book that outlines the use of 
statistical methods in solving indus- 
trial quality control problems. This 
2nd edition covers the development 
of the quality control field and the 
various problems associated with set- 
ting up a workable quality control 
program. The book outlines the use 
of control charts, explains acceptance 
sampling, and details the nature and 
economic objectives of quality. 


The Industrial Chemistry, Prop- 
erties, and Application of Sili- 
cones. Charles E. Reed. American 
Society for Testing Materials, Phila- 
delphia. 1957. Paper, 6 by 9 t., 52 
pp. Price $1.50 

This book, the 13th Edgar Mar- 
burg lecture, reviews the basic struc- 
tural chemistry of the silicones; ex- 
plains their physical, electrical and 
mechanical properties; and shows 
how these properties lead to the use 
of silicones in protective coatings, 
electrical equipment, insulated wire 
and cable, textiles, leather, glass and 
ceramics. Dr. Reed is general man- 
ager of the Silicone Products Dept., 
General Electric Co. 


Symposium on Properties, Tests, 
and Performance of Electro- 
deposited Metallic Coatings. 
ASTM Special Technical Publication 
No. 197, American Society for Test- 
ing Materials, Philadelphia. 1957. 
Paper, 6 by 9 in., 129 pp. Price $3.00 

The various papers given in this 
book discyss: 1) corrosion behavior 
and protéctive value of copper-nickel- 
chromium and nickel-chromium coat- 


ings on steel, 2) evaluation of meth- 
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Selas Superheat burner before assembling. Two 
EASY-FLO 45 preforms of 1 in. by % in. each. 















Operator shown placing assembled burners in 


Selas rotary gas-air equipment to start 75- 
second brazing cycle. Large illustration shows 
burners under heat. 


If any part of a gas-fired heat processing machine gets 
more of a workout than the burners, we don’t know 
what it is. It’s at this point that high temperatures and 
heat transfer come to a “head” and if the burner is 
faulty then the machine is useless. Selas Corporation 
of America, Dresher, Pennsylvania, custom-builds a 
large variety of gas-air brazing machines for specific 
workpiece demands and for their rigid manufacturing 
requirements they find Handy & Harman silver alloy 
brazing the strong method for joining the metallic 
components of their superheat burners. 


The reputation of Selas heat-processing equipment for 
precise heating temperatures, specific heat patterns, 
high heat transfer, speedy change-over and over-all 
versatility can be attributed in many respects to the 
burners, which are designed and joined to bear the 


FIRST, BULLETIN 20 
This informative booklet will 
get you off to a good start on 
the values, techniques and 
economies of low-temperature 
Silver brazing. A copy awaits 
your request. 












JOIN WITH HANDY & HARMAN SILVER BRAZING 
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FOR PERMANENT PROFIT 


How Selas Corporation Goes “Full 
Cycle”... brazing the burners that 


oe 
a a 


are used in their brazing machines 


brunt of the machine’s work. 


Each burner is brazed with two preformed clips of 
1/16” Handy & Harman EASY-FLO 45. One machine 
operator assembles the Inconel burner head to its bronze 
base, places the preforms, applies the HANDY FLUX and 
loads the dial conveyor for the brazing cycle. The same 
operator unloads, cleans and brushes the brazed 
burners. Each assembly is under heat for 75 seconds 
and production rate is four per minute. The alloy cost? 
Three cents per burner. Simple, strong and low cost, 
we say. You might be able to say the same three things 
about joining your product. All that’s necessary is to 
call Handy & Harman. We'll tell you everything you 
want to know about silver alloy brazing — what it is 
doing for thousands of other products and what it can 
do for yours. 


Source of Supply and Authority on Brazing Alloys emess «ns 


ATLANTA, GA. 
BRIDGEPORT, CONN 
PROVIDENCE. RE 


CHICAGO, WL 
HANDY & HARMAN {== 

DETROIT, MICH 

LOS ANGELES, Cate 


General Offices: 82 Fulton St., New York 38, NM. Ve —— oaxiano, cau 
DISTRIBUTORS IN PRINCIPAL CITIES fORONTO, CANADA 


MONTREAL, CANADA 
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GOSHEN 


RUBBER 


PARTS AND COMPONENTS 


ods for measuring surface luster of 
electroplated coatings, 3) recom. 
mended practices for cleaning prior 
to electroplating, 4) a comparison 
Whether your part is of complex design, or requires “< of the corrosion behavior and pro- 
materials and properties to overcome severe conditions tective value of electrodeposited zinc 
involving high or low temperatures, fluids, gases, flexing, 
abrasion, or friction, put Goshen Rubber to work for you. 













































and cadmium coatings on steel, 5) 
evaluation of phosphate coating over 


Small parts are a specialty . . . compression or transfer : 2 7 

molded, bonded-to-metal or precision cut . . . to critical electrodeposited zinc, and 6) atmos- 
tolerances. You'll find Goshen a reliable source, too, for pheric exposure of electroplated lead 
O-rings of compounds meeting MIL, AMS, SAE, ASTM and coatings on steel. 


industrial specifications, in MS, AN, SAE, JIC and NAS 
standard sizes, plus many non-standard sizes and special 
shapes. 


We'll be glad to review and quote on your needs... in Reports 
confidence and without obligation. 





Airframe design MATERIALS-PRop- 

ERTY-DESIGN CRITERIA FOR METALS. 

PART 4: ELASTIC MOopuULI, THEIR 

DETERMINATION AND LIMITS OF Ap- 

PLICATION. S. A. Gordon, R. Simon 

and W. P. Achbach, Battelle Memo- 

rial Institute. Oct ’56. 23 pp. Avail- 

able from Office of Technical Serv- 

ices, Dept. of Commerce, Wash, 25, 
GOSHEN RUBBER CO., INC. — dD, C. Price 75¢ (PB 121857) 

3197 S. TENTH ST., GOSHEN, IND. “ppg” Describes modulus of elasticity at 

elevated temperatures for several 

meen tee cl ersendpcettnipaticltepaapecsiy > | materials as it is derived from the 

conventional stress-strain curve and 

from the determination of the veloc- 

ity of propagation of elastic waves. 

| Tests were performed on a magne- 

JOIN sium alloy (AZ-31) and an alumi- 

num alloy (2024-T4). Results are 

discussed in terms of airframe de- 


TITANIUM sign. 
ASSEMBLIES (oes Sern Woven 
DEVELOPMENT FOR THE WELDING OF 


TITANIUM AND ‘TITANIUM ALLOYS. 


BV BRAZING FINAL Report. J. J. Chyle and I. 


SEND FOR BROCHURE 


This 8-page brochure, in handy file 
folder form, tells how you can put 
Goshen Rubber to work for you. Send 
for your free copy today! 


























Kutuchief, A. O. Smith Corp. Apr 
‘54. 79 pp. Available from Office of 
. . Technical Services, Dept. of Com- 
Special Process for Brazing merce, Wash. 25, D. C. Price $2 
, ; ; ; (PB 111849) 
Titanium and Titanium Alloys Describes successful welding of 
Provides Many Advantages | titanium alloys containing chromium, 
iron, manganese, aluminum and 
| molybdenum by the inert-gas-shielded 
| tungsten are welding process. The | 
By using our special brazing facilities and skills, you can now titanium alloys were free of cracks, 
design titanium and titanium alloy assemblies with greater | and no evidence of fissuring was en- 
freedom and economy. Vacuum-type furnaces are used in silver countered. Tensile strengths of weld 
brazing entire assemblies at one time, as in the case of the metal and joints were equivalent to 


experimental heat exchanger shown. Our fluxless brazing process 
provides high joint shear strengths (21,000—25,000 PSI), with 
no distortion, oxidation, or loss of ductility. Annealing, stress 
relieving, and degassing of titanium alloy parts is also a regular 
part of our work. Contact us for more information. 


those of the parent metal. 


Copper alloy fracture FRACTURE 
CHARACTERISTICS OF COPPER-BASE AL- 
Lorys. N. C. Howells and E. A. Lange, 


STAINLESS PROCESSING DIVISION os naif escape paper th 
WALL COLMONOY CORPORATION nical Services, Dept. of Commerce, 


Wash. 25, D. C. Price 50¢ (PP 
19345 John R Street « Detroit 3, Michigan 121933 
Discusses fracture characteristics 


PENNSYLVANIA: Bristol Pike, Morrisville, Pa., CALIFORNIA: 1565 Bluff Road, Montebello, Cal. of 15 copper-base alloys tested at 
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DEPENDABLE 
FORGINGS for... 
the Jet-Missile Age 




















KEY TO FORGINGS 


ILLUSTRATED Faster and faster, higher and 


he hidies Dab ~ Teton ~ tt Be higher — greater stresses, increased 
antl leche. temperatures — all leading to 
. Jet Engine Vane — Titanium — 27 continually increasing dependence 
oy he a on forgings — and in the forging 
—_— field there is no substitute for 
. Aircraft Fitting — Aluminum — 282 Wyman-Gordon quality, experience 


lbs. — 86 inches. and know-how. 
. Aircraft Landing Gear — Aluminum 


284 Ibs. — 47 inches. 

. Missile Ring Splice — Aluminum — 54 
Ibs. — 20 inches. 

. Aircraft Spar Frame — Aluminum — 
434 Ibs. — 142 inches. 

. Missile Fin — Aluminum — 8 Ibs. — 
30 inches. 


WyYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM @ MAGNESIUM e@ STEEL @ TITANIUM 
WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS « DETROIT, MICHIGAN 


EERE LLL IEE LEE 
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GET THE FACTS OM 
<P AL 


LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRICATING 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
{(—~450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS + EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings, 
thrust and friction washers, pump vanes. 





temperatures ranging from —300 to 
210 F. Alloys with low tensile and 
elongation values were found to frac- 
ture in a brittle manner. A high ten- 
sile manganese bronze, approaches a 
brittle condition at temperatures 
below —150 F. 


Aluminum fatigue CUMULATIVE 
FATIGUE DAMAGE OF AIRCRAFT 
STRUCTURAL MATERIALS. PART 2: 
2024 AND 7075 ALUMINUM ALLOY 
ADDITIONAL DATA AND EVALUATION, 
A. M. Freudenthal and R. A. Heller, 
Columbia: University. Oct ’56. 27 pp. 
Available from Office of Techytea! 
Services; Dept. of Commerce, Wagh. 
25, D. C. Price'75¢ (PB 121909) | 
Fatigue tests conducted ‘on 20 un# 
notched specimens of 2024 and 7075 
aluminum alloys show alloy 2024 to 
be a more reliable aircraft structura 
material than alloy 7075. ” 


Cadmium plating ELECTROPLATING 
BATHS FOR ULTRA HIGH STRENGTH 


STEELS. PART I—USE OF ALIPH® 11 
AMINO ACIDS IN CADMIUM BATH: 1 
REDUCE HYDROGEN EMBRITTLEM: \7. 
P. N. Viannes, S. W. Strauss » nq 
B. F. Brown, Nawal Research I 
ratory. Mar ’57. 15 pp. Avai 
from Office of Technical Serr 
Dept. of Commerce, Wash. 25, ] 
Price 50¢ (PB 121836) 

Electroplating high strength 
in an ammonical bath contai 
salts of amino acids results in mark- 
edly lower hydrogen embrittlement 
than plating in standard cyanide 
baths. 


Shot peening PROTECTIVE Snuor 
PEENING OF PROPELLERS: Part II- 
FaTIGUE Tests. R. F. Broderick, 
Lessells & Associates, Inc. Aug ’55, 
56 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Wash. 25, D. C. Price $1.50 (PB 121- 
464) 

Research ‘shows that properly con- 
trolled” shot* peening is effective 
in preventing surface damage to air- 
craft propeller blades by foreign ob- 
jects, Considerable improvement in 
fatigue strength of damaged sur- 
faces was noted, with maximum im- 
provement occurring under condi- 
tions where the depth of compres- 
sive residual stress was about five 
times the depth of gouges introduced 
to simulate surface damage. 
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BRUSHES * CONTACTS 


GRAPHALLOY has high-performance 
electrical properties: low electrical 
noise, low and constant contact drop, 
high current density, minimum wear! 

Brush Holders and Assemblies, Coin Sil- 
ver Slip Rings and Assemblies available. 


USE OUR 40 YEARS OF DESIGN EXPERIENCE! 








mt ae | 
GRAPHITE METALLIZING CORPORATION 


1010 Nepperhan Ave. * YONKERS, NEW YORK 


0 Please send data on Graphalloy Oil-Free BUSHINGS. 
C] Send data on BRUSHES and CONTACTS. 
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MANUFACTURED BY MAKERS OF WILSON “‘ROCKWELL"”’— 
“THE WORLD’S STANDARD OF HARDNESS TESTING ACCURACY" 


| 
| 
| 


WILSON “TUKON” 


| 


MICRO-HARDNESS TESTERS 


Here’s the 


accurate way to test such 
fine precision parts as— 


fine wire e very thin metal « shallow 
small 
components « surface coatings « jewels 
plastics ¢ glass « and many other materials 


superficially-hardened surfaces 





Use both Knoop and 136° 
Diamond Pyramid Indentors 





Wilson engineers help you choose model to fit your requirements 


MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-E Park Avenue, New York 17, N.Y. 









Write for Booklet 
DH-328 for com- 
plete information on 
WILSON ‘“‘TUKON’ 
Micro and Macro 
Hardness Testers. 
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by H. R. Ciauser, Editor 


Engineering and Philosophy 

One of the many pleasant things about a vaca- 
tion is the opportunity it provides for reading 
those books you have laid aside because of lack 
of time for serious reading. In my case two 
such books were Philipp Frank’s “Philosophy of 
Science,” and “Readings in the Philosophy of 
Science,” edited by H. Feigl and M. Brodbeck. 
And now after reading them, I venture the opin- 
ion that they are books everyone interested in 
the philosophical foundations of science and en- 
‘gineering should read. 

I realize that a great majority of working 
engineers and scientists find little need.or time 
to read philosophy, even on their vacations. And 
there is no point in kidding ourselves about its 
importance to our work. A highly competent 


job of engineering can be done without a know]l- 
edge of the basic ideas, the meaning, and the 
structure of science. As long as we know how 
to use the facts, the formulas, and the techniques 
derived from the fundamental principles, we can 
get along very well and achieve quite satisfactory 
results. 

Learned Ignoramuses 

But we also should not kid ourselves about the 
narrowness of this attitude to our work. We 
should be aware that when we do not occasionally 
wonder about things and ask the question “why ?” 
we run the risk of becoming “learned ignoram- 
uses.”” Ortega y Gasset, in his book; ““The Revolt 
of the Masses,” applies this descriptive term to 
the technical man who wraps himself in his own 
specialty, mechanically applying the technology 
he has memorized without thought of its broad 
meaning and implications. 

Actually, there is nothing derogatory meant by 
the term “learned ignoramus.” Today, it.is quite 
acceptable to be one. As a matter of fact, most 
of our engineering colleges encourage ft by sim- 
ply ignoring the philisophical side of science and 
engineering. 

Why Bother? 

It is quite possible that our educators are 
right. They are training engineers. not philoso- 
phers. But in spite of-its relative unimportance 
to practical engineering, there are a number of 
good reasons for interesting yourself in the phi- 
losophy of. science. For one thing, you are likely 
to gain more personal satisfaction from your job 
when you know more about the conceptual scheme 
upon which all of your daily work is based. 

Furthermore, physical theories directly influ- 
ence human thought and behavior. Newton’s 
concepts of force and mass caused man to revise 
his common-sense views of rest and motion. And 
Einstein’s relativity concept is slowly changing 
our traditional ways.of thinking about time and 
space. 

Finally, the philosophical side of science is also 
important because without it there can be no 
great advances in applied science and engineer- 
ing. Revolutionary advances are made by ques- 
tioning fundamental ideas and assumptions, and 
this is one of the main jobs of the philosophy of 
science. 

As you can see, none of the above reasons are 
really compelling for the practical man. I’m sure 
that being well-versed in the philosophy of sci- 
ence will never get you a raise. But you may 
still be interested in the subject simply because, 
like many people, you are curious and keep asking 
“why” about things. If you are one of these 
individuals and would like to stock up books on 
the subject for the long winter ahead (or for 
your vacation), just drop me a letter or a card 
and I’ll send you a reading list that I have found 
helpful. 
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@ This Materials Selector issue consists of two major sections. a 
Data Section and a Directory Section. Each major section is sub- 
divided to make it as useful as possible. Contents of the entire 
issue are listed on page 3; in addition, a more detailed contents 
page appears at the beginning of most subsections All subsections, 
numbered from 1 to 10, are described briefly below and can be 
readily located by means of the small edge index tabs. 


DATA SECTION 


The Data Section consists of eight parts, including an index. It 
contains extensive data on the properties of virtually all important 
engineering materials (including finishes and coatings) and the 
forms in which they are available. 


1—Index to Data. A complete cross referenced index to all of 
the materials and forms covered in the Data Section. 


2—Comparisons of Materials. Tables comparing the impor- 
tant engineering materials with respect to a particular property 
(e.g., tensile strength). The major part of this section is a series 
of data sheets in which materials are ranked in descending order 
for various properties. In most cases, the materials are ranked by 
their average properties, the approximate range also being given. 
In some cases the temper, heat treatment or other condition of the 
material is given, particularly where such condition markedly 
affects the value. More details on materials and conditions can be 
found in Sections 3 to 6, from which these data were compiled. 


3 to 7—Properties of Materials. Typical properties and uses 
of the important engineering materials. The five sections cover 
Irons and Steels (3), Nonferrous Metals (4), Plastics and Rubber 
(5), Other Nonmetallics (6), and Finishes and Coatings (7). 
Most of the information is given in a standard tabular form, mak- 
ing comparison easy, and test conditions are summarized where 
known. A list of helpful bulletins available from suppliers appears 
at the beginning of each section, and advertisements of suppliers 
appear at the end of each section. 


8—Forms and Shapes of Materials. Data on the common 
forms (castings, moldings, etc.) of engineering materials neces- 
sary for intelligent selection. Much of the information is in tabu- 
lar form. A list of helpful bulletins available from suppliers 
appears at the beginning of the section, and advertisements of 
suppliers appear at the end of the section. 


DIRECTORY SECTION 


The Directory Section, consisting of two parts, contains the 
names of the leading suppliers of engineering materials and their 
forms and shapes. A full explanation of the organization and use 
of the Directory is given on page 366. 


9—Suppliers of Materials. An alphabetical index to the impor- 
tant engineering materials and fabricated forms containing, 
under each heading, the names of the leading suppliers. 


10—Addresses of Suppliers. An alphabetical list of the 
names and addresses of the suppliers mentioned in Section 9. 


continued 
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SELECTING A MATERIAL 


Naturally, you can use this issue in many 
different ways, depending upon the nature 
of your own materials problems. However, 
this issue is called the Materials Selector 
because it is designed to help you system- 
atically narrow your choice of materials 
to meet a specific problem. Here is a logical 
procedure: 


1. See Section 2 (Comparisons of 
Materials). Look up the critical properties 
and see which materials seem to warrant 
further investigation. 


2. See Section 1 (index to Data). Find 
what pages give information on the materials 
selected for study. 


3. See Sections 3, 4, 5, 6 or 7 (Prop- 
erties of Materials). Look up the pages 
indicated by the Index. Reduce the number 
of materials requiring further study by com- 
paring significant properties, available forms 
and typical uses. 


4. See Section 8 (Forms and Shapes 
of Materials). Narrow the choice of mate- 
rials further by comparing the characteris- 
tics of competitive forms and shapes. 


5. See Section 9 (Suppliers of Mate- 
rials). Look up still promising materials 
and forms to obtain the names of suppliers, 
as well as a good indication of commercial 
availability. 


6. See Section 10 (Addresses of 
Suppliers). Look up the names of prom- 
ising suppliers to obtain their addresses. 


7. Obtain detailed information on prop- 
erties, availability and cost of materials and 
fabricated forms by: 


a. Writing to suppliers. 


b. Consulting the Suppliers’ Literature 
pages in Sections 3, 4, 5, 6, 7 and 8. Note the 
key numbers of promising bulletins and 
circle them on the free post card (pp 363 
and 421). 


c. Consulting the advertisements. Names 
of advertisers are bold faced throughout the 
Directory, and the pages on which their ad- 
vertisements appear are listed following 
their addresses. 
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Acetate fibers, 232 
Acrilan fibers, 233 
Acrylics (see also Plastics Parts) 
Fibers, 233 
Plastics, 146 
Rubber, 177 
Acrylonitrile (see also Plastics 
Parts) 
Rubber, 176 
Admiralty metal (see also Brass), 
91 
Alkyds (see also Plastics Parts) 
Coatings, 254 
Plastics, 147 
Precoatings, 263 
Allyls (see also Plastics Parts), 
162 
Alumina 
Refractory, 228 
Whiteware, 226 
Aluminum and its alloys 
As a cladding or precoating, 
258 
Castings, types of, 284 ff. 
Conversion coated, 249 
Chromium electroplated, 250 
Clad and precoated, 258 ff. 
Extruded, 288 
Forged, 296 
Forms, comparison of, 282 
Formability, 291 ff. 
Hard coatings and surfaces, 
comparison of, 248 
Hydropress formed, 295 
Impact extruded, 290 
Machinability, 304 
Machine finishing allowances 
for castings, 285 
Nickel electroplated, 253 
Porcelain enameled, 256 
Properties, 80-83 
Spinnability, 305 
Stamped and press formed, 
291 ff. 
Tubing, 306 
Welded and brazed, 308 
Aluminum brass (see also Brass), 
91 
Aluminum bronze (see  ailso 
Bronze), 88 
Aluminum silicate 
Fibers, 234 
Glass, 236 
Anodic conversion coatings (see 
also Coatings), 249 
Anodized coatings (see also Coat- 
ings), 249 
Arc welding, 308 
Asbestos fibers, 234 
Atomic hydrugen welding, 308 


b 


Babbitts 
Lead-base, 104 
Tin-base, 103 
Bast fibers, 231 
Bending (see also Press Formed 


Parts) 
Allowances, 293 
Radli, minimum, 292 





4 e 


MATERIALS IN 


Beryllia, 228 
Beryllium carbide, 225 
Beryllium copper (see also Copper 
and Its Alloys), 86 
Blanked parts (see also Press 
Formed Parts), 291 ff. 
Boron carbide, 225 
Brass (see also Copper and Its 
Alloys) 
Aluminum brass, 91 
As a cladding or precoating, 
258 
Castings, types of, 284 ff. 
Clad and precoated, 258 ff. 
Extruded, 288 
Formability, 291 ff. 
Forged, 296 
Forms, comparison of, 282 
Hard coatings and surfaces, 
comparison of, 248 
Impact extruded, 290 
Machine finishing allowances 
for castings, 285 
Machinability, 304 
Plain, 86 
Powder metal parts, 303 
Properties, 86 ff., 91 
Roll formed, 294 
Spinnability, 305 
Stamped and press formed, 
291 ff. 
Tin brass, 91 
Tubing, 306 
Welded and brazed, 308 
Brazed parts, 308 
Compared with other forms, 
282 
Bronze (see also Copper and Its 
Alloys) 
Aluminum bronze, cast, 88 
As a cladding or precoating, 
258 
Castings, types of, 284 ff. 
Clad and precoated, 258 ff. 
Extruded, 288 
Forged, 296 
Forms, comparison of, 282 
Hard coatings and surfaces, 
comparison of, 248 
Machine finishing allowances 
for castings, 285 
Phosphor, 89 
Properties, 88 
Stamped and press formed, 
291 ff. 
Welded and brazed, 308 
Butt welded parts, 308 
Butadiene-acrylonitrile rubber, 
176 
Butadiene-styrene rubber, 176 
Butyl rubber, 176 


Cc 


Cadmium, conversion coated, 249 

Calcia, 228 

Calendered sheet, 300 

Carbides, 225 

Carbon, 224 

Carbonitrided surfaces, 248 

Carburized surfaces, 248 

Cartridge brass (see also Brass), 
87 


DESIGN 


Castings (see also specific ma- 
terial) 

Compared with other forms, 

282 

Plastics, 299 

Types of, 284 ff. 

Welded and brazed, 308 
Cellulose acetate fibers, 232 
Cellulose fibers, regenerated, 232 
Cellulosics (see also Plastics 

Parts) 

Acetate, 148 

Cellular, 181 

Acetate butyrate, 149 

Ethyl cellulose, 150 

Fibers, 232 

Lacquer precoated metal, 263 

Nitrate, 150 

Propionate, 149 

Vulcanized fibre 

Design practice, 302 
Properties, 170 ff. 


Ceramics 
Carbide, 225 
Fibers, 234 


Refractory, 227 
Whiteware, 226 
Chemical conversion coatings, 249 
Chlorinated rubber coatings, 255 
Chloroprene rubber, 176 
Chromate conversion coatings, 249 
Chromium 
As a Cladding or precoating, 
260 
As an electroplate, 250 
Hard coatings and _ surfaces, 
comparison of, 248 
Chromized surfaces, 248 
Clad and precoated metals, 258- 
263 
Coatings 
Conversion, 249 
Electroplates 
Chromium, 250 
Nickel, 252 
Hard, comparison of, 248 
Organic, 254 
Porcelain enamel, 256 
Precoated metals, 258-263 
Cobalt and its alloys, 84 
Coefficient of thermal expansion, 
10 
Coined parts (see also Press 
Formed Parts), 296 
Cold headed parts (see also Forg- 
ings), 282 
Cold molded plastics parts (see 
also Molded Parts), 298 
Columbium, 85 
Columbium carbide, 225 
Commercial bronze (see also 
Brass), 86 
Compression molded plastics parts 
(see also Molded Parts, Plas- 
tics), 298 
Conversion coatings, 249 
Copper and its alloys (see also 
particular alloy) 
As a cladding or precoating, 


Castings, types of, 284 ff. 

Conversion coated, 249 

Chromium electroplated, 250 

Clad and precoated, 258 ff. 

Extruded, 288 

Formability, 291 ff. 

Forms, comparison of, 282 

Forged, 296 

Hard coatings and surfaces, 
comparison of, 248 

Impact extruded, 290 

Machinability, 304 

Nickel electroplated, 253 





ENGINEERING 
Formerly Materials & Methods 


Copper (continued) 
Powder metal parts, 303 
Properties, 86-91 
Roll formed, 294 
Spinnability, 305 
Stamped and press fo 

291 ff. 
Tubing, 306 
Welded and brazed, 308 

Cordierite, 226 

Corner fillet joint in welded 
parts, 308 

Corrosion resistance, 22 

Cotton fibers, 231 

Creep strength, 20 

Cuprammonium fibers, 232 

Cyanided surfaces, 248 


d 


Dacron fibers, 232 

Density (see Specific Gravity) 

Diallyl phthalate (see also Pias- 
tics Parts), 151 

Die castings (see also Castings), 
284 ff. 

Die formed parts (see also Press 
Formed Parts), 291 ff. 

Dihydroperfluorobuty! acrylate rub- 
ber, 177 

Diisocyanate-polyester rubber, 177 
Flexible foam, 179 
Foamed-in-place, 180 

Drawn shapes (see also Press 

Formed Parts), 291 ff. 
Hold-down pressures, minimum, 
294 

Reductions, maximum, 294 
Single draw limitations, 295 
Tolerances, 294 

Drop forgings (see also Forgings), 
296 

Drop hammer formed parts (see 
also Press Formed Parts), 295 

Duranickel (see also Nickel and 
Its Alloys), 96 

Dynel fibers, 233 


e 


Edge joint in welded parts, 308 
Electrical resistivity, 12 
Electrical whitewares, 227 
Electrochemical conversion coat- 
ings, 248 
Electroformed parts, 282 
Electroplates 
As a precoating, 258 ff. 
Chromium, 250 
Compared with other hard 
coatings, 248 
Nickel, 252 
Elongation, 16 
Epoxies (see also Plastics Parts) 
152 
Foamed-in-place, 180 
Prefoamed, 181 
Ethyl cellulose (see also Plastics 
Parts), 150 
Extrusions 
Compared with other forms, 
282 
Impact, 290 
Metal, 288 
Plastics, 299 
Stepped, 289 
Welded and brazed, 308 


f 


Fabricated sheet metal parts 
291-295 














ce| , mechanical, 229-230 
Fibs rs 
neral, 234 
tural, 231 
nthetic, 232 
cib e. vulcanized (see Vulcanized 
re) 
F felts, 229 
clane hardened surfaces, 248 
F welding, 308 
Flax fibers, 231 
Flexible die-formed parts (see 
so Press Formed Parts), 295 
Flexible foams, 179 
Flexible punch-formed parts (see 
o Press Formed Parts), 295 
Fluorinated acrylic rubber, 177 
Fluorocarbons (see also Plastics 
Parts) 
Coatings, 255 
Fibers, 232 
Plastics, 153 
Foams 
Flexible, 179 
Foamed-in-place, 180 
Prefoamed, 181 
Forgings, 296 
Compared with other forms, 
282 
Welded and brazed, 308 
Formability of metals, 291 ff 
Forsterite, 226 
Fortisan 36 fibers, 232 
Furnace brazing, 308 


+ 


Gas welding, 308 
Gilding (see also Brass), 36 
Glass 
Fibers, 234 
Industrial, 236 
Gold 
As a cladding or precoating, 
260 
Hard coatings and surfaces, 
comparison of, 248 
Properties, 100 
Graphite, 224 
Grid metal (see also Lead and Its 
Alloys), 92 
GR-S rubber, 176 


h 


Hafnium, 111 

Hard coatings and surfaces (see 
also type or material), 248 

Hardness, 18 

Haynes Alloy, 84 

Haynes Stellite, 84 

Heat resistant alloys, 62-64 

Hemp fibers, 231 

Hennequin fibers, 231 

High temperature strength 
Creep, 20 
Stress-rupture, 21 

Horsehair fibers, 231 


Hot dipped precoated metals, 
258 


Hydropress formed parts, 295 


Impact extrusions, 290 

Compared with other forms, 
282 

Welded and brazed, 308 





Inconel (see also Nickel and Its 
Alloys), 97 
Induction hardened surfaces, 248 
Inert-gas metal arc welding, 308 
Inert-gas tungsten arc welding, 
308 
Injection molded plastics parts 
(see also Molded Parts, Plas- 
tics), 298 
Investment castings (see also 
Castings), 284 ff. 
Iridium, 101 
Iron 
Castings, types of, 284 ff. 
Clad and precoated, 258 ff. 
Conversion coated, 249 
Chromium electroplated, 250 
Ductile, 36 
Forged, 296 
Forms, comparison of, 282 
Gray 
Castings, types of, 284 ff. 
Properties, 34 
Hard coatings and 
comparison of, 248 
Ingot, 39 
Machinability, 304 
Machine finishing allowances 
for castings, 285 
Malleable 
Properties, 38 
Sand cast, 284 ff. 
Nickel electroplated, 253 
Nodular, 36 
Porcelain enameled, 256 
Powder metal parts, 303 
Welded and brazed, 308 
White, sand cast, 284 ff. 
Wrought, 39 
Isobutylene isoprene rubber, 176 


surfaces, 


Joining, 308 

Joint design for welded parts, 
308 

Jute fibers, 231 


Laminates 
High pressure (see also Vul- 
canized Fibre) 
Design practice, 301 ff. 
Properties, 170-175 
Low pressure, 302 
Reinforced, 301 
Latex foam (see also Foams), 
179 
Lead and its alloys (see aiso par- 
ticular alloy) 
As a cladding or precoating, 
260 
Castings, types of, 284 ff. 
Extruded, 288 
Impact extruded, 290 
Properties, 92 
Punch penetration, 291 
Spinnability, 305 
Welded and brazed, 308 
Lead-base babbitts, 104 
Lead silicate glass, 236 
Low brass (see also Brass), 87 


Machinability, 304 
Magnesia, 228 
Magnesium alloys 

Cast, 95 

Castings, types of, 284 ff. 
Conversion coated, 249 


Magnesium alloys (continued) 
Chromium electroplated, 250 
Extruded, 288 
Forged, 296 
Formability, 291 ff. 
Forms, comparison of, 282 
Hard coatings and surfaces 

comparison of, 248 
Impact extruded, 290 
Machinability, 304 
Properties, 94 
Spinnability, 305 
Stamped and press formed, 

291 + ff. 


Tubing, 306 

Welded and brazed, 308 
Manganese bronze (see also 

Brass), 91 


Manila fibers, 231 
Marform process, 295 
Maximum service temperature of 
plastics and rubber, 11 
Mechanical felts, 229-230 
Mechanical tubing (see Tubing, 
Mechanical) 
Melamines (see also 
Parts), 154 
Melting points of metals and 
ceramics, 11 
Metal powder parts, 303 
Compared with other forms, 
282 
Mineral fibers, 234 
Modified polystyrenes (see also 
Plastics Parts), 166, 181 
Modulus of elasticity in tension, 
13 
Molded parts, plastics (see also 
particular material) 
Cold, 298 
Compression, 298 
Injection, 298 
Reinforced laminates, 300 ff. 
Thermoplastic sheet, 300 ff 
Transfer, 298 
Molybdenum 
Clad and precoated, 258 ff 
Properties, 85 
Spinnability, 305 
Welded and brazed, 308 
Monel (see also Nickel and Its 
Alloys), 97 
Mullite, 228 
Muntz metal (see also Brass), 87 


Natural fibers, 231 
Natural rubber, 176 
Naval brass (see also Brass), 91 
Neoprene rubber, 176 
Nickel and its alloys (see also 
particular alloy) 
As a cladding or precoating, 
261 
As an electroplate, 252 
Cast, 98 
Chromium electroplated, 250 
Clad and precoated, 258 ff. 
Extruded, 288 
Forged, 296 
Forms, comparison of, 282 
Hard coatings and surfaces, 
comparison of, 248 
Low expansion alloys, 99 
Machinability, 304 
Powder metal parts, 303 
Properties, 96-99 
Spinnability, 305 
Stamped and press formed, 291 
ff 


Plastics 


Tubing, 306 
Welded and brazed, 308 
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Nickel silver (see also Copper 
and Its Alloys), 90 

Nitrided surfaces, 248 

Nitrile rubber, 176 

Nylons (see Polyamides) 


Oo 


Organic coatings 
Precoated metals, 263 
Properties, 254 
Orlon fibers, 233 
Osmium, 101 
Oxide conversion coatings, 248 
Oxyacetylene welding, 308 


P 


Painted coatings (see Organic 





Coatings) 
Palladium 
As a cladding or precoating 
261 
Properties, 100 
Permanent mold castings (see 


also Castings), 284 ff. 
Pewter (see also Tin and Its Al- 
loys) 
Nickel electroplated, 253 
Properties, 102 
Spinnability, 305 
Phenolics (see also Plastics Parts) 
Cast, 161 
Epoxy-phenolic coatings, 255 
Foam, 180 
Plastics, 158-161 
Phosphate conversion 
249 
Phosphor bronze (see also 
Bronze), 89 
Pierced parts (see also Press 
Formed Parts), 291 ff. 
Plaster mold castings (see also 
Castings), 284 
Plastics parts 
Castings, 299 
Extrusions, 299 
Foams, 179-181 
High pressure laminates 
Design practice, 301 ff 
Properties, 170-175 
Molded, 298 
Reinforced laminates, 300 ff. 
Thermoplastic sheet molded 
300 ff. 
Plate glass, 236 
Platinum 
As a cladding or precoating 
261 
Properties, 100 
Polyamides (see also Plastics 
Parts) 
Fibers, 232 
Plastics, 156 
Polyesters (see also Plastics 
Parts) 
Fibers, 232 
Plastics, 162 
Polyethylene (see also Plastics 
Parts) 
Cellular, 179 
Fibers, 233 
Plastics, 163 
Polymethylstyrene (see also Plas- 
tics Parts), 165 
Polysiloxanes (see Silicone) 
Polystyrenes (see also Plastics 
Parts) 
Foamed-in-place, 180 
Modified, 166, 181 


coatings, 
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Polystyrenes (continued) 
Prefoamed, 181 
Properties, 165-166 
Polysulfide rubber, 177 
Polysulfide-epoxy (see also Plas- 
tics Parts), 152 
Polytetrafluoroethylene 
Plastics Parts) 
Coatings, 255 
Fibers, 232 
Plastics, 153 
Polytrifluorochloroethylene (see 
also Plastics Parts) 
Coatings, 255 
Plastics, 153 
Polyvinylidene chloride (see Poly- 
vinyls) 
Polyvinyls (see also Plastics 
Parts) 
Alcohol, 169 
Butyral, 169 
Chloride, 168 
Chioride-acetate, 168 
Coatings, 254 
Copolymers, 168 
Formal, 169 
Open cell foam, 179 
Precoatings, 263 
Vinylidene chloride 
Fibers, 233 
Plastics, 168 
Porcelain enamels, 256 
Powder metallurgy parts (see 
Metal Powder Parts) 
Precision sand castings (see also 
Castings), 284 ff. 
Press forgings (see also Forgings), 


(see also 


Press formed parts, 291 ff. 
Compared with other 
282 
Welded and brazed, 308 
Pressed die-formed parts (see 
also Press Formed Parts), 294 
Protein fibers, 233 
Punched parts (see also Press 
Formed Parts), 295 
Penetration through metal, 291 
Radii, minimum, 294 


r 


Radiation effects, 10 
Ramie fibers, 231 
Rayon fibers, 232 
Red brass (see also Brass), 37 
Refractories, 228 
Resistance 
Corrosion, 22 
Welding, 308 
Resistivity, electrical, 12 
Rhodium 
As an electroplate, 248 
Properties, 101 
Roll felts, 229 
Roll formed shapes, 294 
Compared with other forms, 
282 
Welded and brazed, 308 
Rubber 
Compounds, 176 
Foam, 179 
Hard, 178 
Rubber pad-formed parts (see also 
Press Formed Parts), 295 
Ruthenium, 101 


Sand castings (see also Cast- 
ings), 284 
Saran fibers, 233 


forms, 
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Screw machine parts, 304 
Compared with other 
282 
Seam welding, 308 
Seamless tubing (see also Tub- 
ing), 306 
Shell mold castings 
Castings), 284 ff. 
Sheet felts, 229 
Sheet metal parts, 291-295 
Sheet molded parts, thermo- 
piastic, 300 ff. 
Shielded metal arc welding, 308 
Silica 
Glass, 236 
Refractory, 228 
Silicon carbide, 225 
Silicone 
Foams, 180 
Plastics (see also 
Parts), 164 
Rubber, 177 
Silicone-alkyd coatings, 254 
Siliconized surfaces, 248 
Silk fiber, 231 
Silver 
As a cladding or precoating, 
262 
Clad and precoated, 258 ff. 
Hard coatings and surfaces, 
comparison of, 248 
Properties, 100 
Sintered parts (see Metal Powder 
Parts) 
Sisal fibers, 231 
Soda-lime glass, 236 
Specific gravity, 8 
Spinel, 228 
Spinnings, 305 
Compared with other forms, 282 
Spot welding, 308 
Sprayed coatings, 248 
Stamped parts (see also Press 
Formed Parts), 291 ff. 
Compared with other forms, 282 
Standard whitewares, 227 
Steatite, 227 
Steel 
Bending allowances, 293 
Carbon, 40-42 
Cast carbon, 56 
Cast heat resistant alloy, 62-64 
Cast low alloy, 57-58 
Cast. stainless 
Investment cast, 284 ff. 
Properties, 59-61 
Castings, types of, 284 ff. 
Conversion coated, 249 
Chromium-vanadium, 49 
Clad and precoated, 258 ff. 
Formability, 291 ff. 
Forms, comparison of, 282 
Forged, 296 
Free-cutting, 43 
High carbon, 42 
Hard coatings and surfaces, 
comparison of, 248 
Low carbon 
Extruded, 288 
Impact extruded, 290 
Powder metal parts, 303 
Properties, 40 
Machinability, 304 
Machine finishing allowances 
for castings, 285 
Manganese, 44 
Manganese - nickel - chromium- 
molybdenum, 51 
Manganese-silicon, 51 
Medium carbon, 41 
Molybdenum, 47 


forms, 


(see also 


Plastics 


Steel (continued) 


Nickel, 45-46 
Nickel-chromium-molybdenum, 
48, 50 
Nickel electroplated, 253 
Nitriding grades, 65 
Porcelain enameled, 256 
Punch penetration, 291 
Roll formed, 294 
Sheet bend allowances, 293 
Spinnability, 305 
Stamped and press formed 
291 ff. 
Pressed die-formed, 295 
Stretch formed, 294 
Stainless 
As a cladding or precoating 
262 
Austenitic, 52 
Formability, 291 ff. 
Martensitic, 54 
Porcelain enameled, 256 
Powder metal parts, 303 
Properties, 52-55 
Rubber pad formed, 295 
Tubing, 306 
Welded and brazed, 308 
Strength 
Creep, 20 
Stress-rupture, 21 
Tensile, 14 
Stretch formed parts (see also 
Press Formed Parts), 294 
Styrene (see also Polystyrene) 
Butadiene-styrene rubber, 176 
Submerged arc welding, 308 
Surfaces, hard, comparison of, 248 
Synthetic fibers, 232 


t 


Tantalum 
Properties, 85 
Spinnability, 305 

Tantalum carbide, 225 

Tee fillet joint in welded parts, 
308 

Tefion (see Polytetrafluoroethylene) 

Tellurium lead (see also Lead and 
Its Alloys), 93 

Temperature, maximum service, 11 

Tensile strength, 14 

Tensile modulus, 13 

Thermal conductivity, 9 

Thermal expansion, coefficient of 
10 

Thiokol (see Polysulfide) 

Thoria, 228 

Thorium, 108 

Tin and its alloys 
As a cladding or precoating, 263 
Castings, types of, 284 ff. 
Extruded, 288 
Forms, comparison of, 282 
Impact extruded, 290 
Powder metal parts, 303 
Properties, 102 
Welded and brazed, 308 

Tin-base babbitts, 103 

Titanium and its alloys 
Conversion coated, 294 
Chromium electroplated, 250 
Extruded, 288 
Forms, comparison uf, 282 
Hard coatings and surfaces, 

comparison of, 248 

Properties, 106 
Roll formed, 294 
Welded and brazed, 308 

Titanium carbide, 225 

Torch brazing, 308 
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Transfer molded plastics parts 

also Molded Parts), 298 
Tubing, mechanical 

Compared with other fo, 

282 

Tolerances, 306 

Welded and brazed, 308 
Tungsten 

Properties, 85 

Welded and brazed, 308 
Tungsten carbide, 225 


Upset forgings (see also Forging 
296 

Uranium, 108 

Ureas (see also Plastics Parts) 

167 

Foam, 181 

Urethane rubber, 177 
Flexible foam, 179 
Foamed-in-place, 180 


Vv 


Vanadium, 111 
Vanadium carbide, 225 
Vicara fibers, 233 
Vinyl derivative fibers, 233 
Vinylidene chloride (see Polyviny/s) 
Vinyls (see Polyvinyls) 
Vinyon fibers, 233 
Viscose fibers, 232 
Vulcanized fibre 
Bone, 173 
Commercial, 17] 
Design practice, 302 
Electrical insulation, 175 
Trunk, 171 


w 


Welded tubing (see also Tubing, 
Mechanical), 306 

Welded parts, 308 
Compared with other forms, 282 

White metal (see also Tin and Its 
Alloys), 102 

Whitewares, 226 

Woods (American), 235 

Wool fibers, 231 


y 


Yellow brass (see also Brass), 87 


Zz 


Zinc alloys 

As a cladding or precoating, 263 

Cast, 110 

Castings, types of, 284 ff. 

Chromium electroplated, 250 

Clad and precoated, 258 ff 

Extruded, 288 

Forms, comparison of, 282 

Hard coatings and surfaces, 
comparison of, 248 

Impact extruded, 290 

Machinability, 304 

Properties, 109-110 

Spianability, 305 

Stamped and press formed, 291 
ff 


Welded and brazed, 308 
Zircon 
Refractory, 228 
Whitewares, 227 
Zirconia, 228 
Zirconium, 111 
Zirconium carbide, 225 
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Specific Gravity 
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Material Average Range, + Material + Average Range, + 

Osmium 22.7 Polystyrenes, GP...... 1.55 0.02 
Iridium. 22.5 Plastics Laminates, GP. . 1.52 0.38 
Platinum.......... 21.5 I ee 1.51 0.04 
Tungsten and Gold. 19.4 - Diallyl Phthalate................ 1.5 | 0.2 
SR Als cate kaes enw ecsak 16.6 Melamines, Fabric-Filled 1.5 - 
EE Sn eee 13 Ds ae sia caalgh mer 1.49 0.03 
ae 12.4 Melamines, Unfilled............. 1.48 _ 
Palladium and Ruthenium... 12 - Animal Fiber........... 1.45 0.15 
Ee 11.6 — Rubber Phenolics................ 1.44 0.21 
Lead and Its Alloys............. 11.0 0.3 ee 1.43 0.12 
ESE Ey re is 10.5 — Plastics Laminates, Elec & Mech.. 1.41 0.27 
Lead-Base Babbitts.............. 9.96 0.66 Cellulose Nitrate Sheet... . 1.37 0.03 
Copper......... SEE RPC Pee 8.92 0.03 Hard Rubber, GP..... a Pes 1.37 0.17 
SRN Ck si csahiedbccua's ts 8.92 - Polyvinyl Chioride.............. 1.35 0.20 
MRSS «dears € Gown scarier’ 8.9 - Polysulfide Rubber.............. 1.35 - 
Nickel Silvers (cast). ............ 8.86 -- Polystyrenes and Nylons, Glass 
Phosphor Bronzes............... 8.85 0.07 Ree 1.33 0.02 
_ | ae 8.71 0.04 | rr 1.32 0.01 
Es Pe 8.66 0.18 Cellulose Acetate........ ee 1.30 0.04 
PUD ig nc stsnedesetacsan 8.62 0.23 Polyesters (cast), Rigid....... 1.29 0.17 
PS, aacdanatvercanwee 8.6 Polyvinyl Alcohol................ 1.2 0.05 
ESS ee 8.50 0.14 Neoprene, Silicone and Urethane 
Tin and Aluminum Brasses....... 8.43 0.09 NE Ai oii ngeccdada digas 1.25 - 
I See eee | tel Ce po 8.34 0.09 Hard Rubber, Cmi Res.... 1.24 — 
ee 8.34 -- Cellulose Propionate....... 1.21 0.03 
ES ean 8.26 — Cellulose Acetate Butyrate.. . 1.20 0.05 
Beryllium Coppers............... 8.22 0.03 Polysulfide-Epoxy (cast)... 1.19 0.04 
eee 8.20 0.12 Borosilicate Glass... .. 1.18 0.95 
Low Expansion Nickel Alloys... .. 8.14 0.06 ee od 1.18 0.01 
Austenitic Stainless Steels........ 8.03 -- ee 1.17 0.02 
Carbon and Low Alloy Steels... ... 7.84 -- Polyesters (cast), Nonrigid....... 1.15 0.10 
Stainless Steels (cast)............ 7.77 0.24 . a>. re errr 1.13 0.05 
ee ee ee 7.76 ~ Ethyl Cellulose. . _ 1.13 0.03 
Martensitic Stainless Steels...... 7.76 ~- Mod Polystyrenes Impact Res. Be eas 1.04 0.04 
Tin-Base Babbitts.......... er 7.55 0.21 Nn regen wees l - 
Aluminum Bronzes (cast)....... 7.48 0.08 High Density Polyethylenes....... 0.96 0.01 
Austenitic Nodular Irons... 7.43 — Styrene-Butadiene Rubber....... 0.94 - 
Tin and Its Alloys...... 7.29 0.03 Natural Rubber 0.93 
Malleable Irons................. 7.21 0.08 Low Density Polyethylenes.. 0.92 0.01 
iin dbiainckewdaxdacant 7.21 - Butyl Rubber............. 0.9 - 
Zinc and Its Alloys............... 7.17 0.01 American Woods.......... 0.53 0.16 
Wrought and Nodular Irons...... 6.98 0.15 Epoxy Foamed-in-Place... 0.51 0.11 
Zinc Alloys (cast)........... A 6.65 -- Sheet Felts............ 0.473 0.217 
RRS) eee ; 6.65 Cellular Polyethylene. .... 0.47 — 
WN <.. cchadubinese ss ksaiee 6.38 : Prefoamed Epoxy. 0.328 0.280 
Titanium and Its Alloys.......... 4.60 0.17 Neoprene Flexible Foam... 0.321 0.160 
ES ee 3.08 0.78 POWs cc siceec cs. 0.313 0.169 
Aluminum and Its oe dvi. cand 2.73 0.10 Fused Silica Glass............... 0.29 -- 
Glass Fiber. . 2.54 — Flexible Nitrile Foam............. 0.281 0.120 
Phenolics, Electrical... 2.37 0.63 0 0.26 _ 
Polytetrafluoroethylene. . 2.2 0.1 Prefoamed Silicone Rubber....... 0.256 — 
FUER ss os Pr th deaee os 0ceng 2.20 0.04 Aluminum Silicate Glass.......... 0.252 — 
ID, Vache ativnsoscss> oi 2.2 = Soda-Lime Glass................ 0.247 0.002 
Polytrifluorochloroethylene........ 2.12 0.03 SS ee 0.245 0.092 
Rtas dicls » 6 6 wn vide 2.05 0.75 Lead Silicate Glass............... 0.227 0.077 
Alkyds, High Strength............ 2.04 0.04 Silicone Rubber Foamed-in-Place. . 0.208 0.016 
Melamines, Glass Fiber-Filled..... 1.95 0.05 Urethane Rubber Foamed-in-Place . 0.204 0.197 
SED, » 0s taueib ache aes bedaates 1.91 Urethane Flexible Foam.......... 0.168 0.152 
re 1.82 0.18 Prefoamed Modified Polystyrene... 0.125 0.015 
Magnesium Alloys (cast).......... 1.81 / 0.04 Latex Flexible Foam............. 0.104 0.008 
Hard Rubber, Low Moisture Abs... 1.8 -- Cellular Cellulose Acetate......... 0.096 0.032 
Magnesium Alloys............... 1.77 -- Phenolic Foamed-in-Place........ 0.096 0.064 
Melamines, Mineral- or | Polystyrene Foamed-in-Place...... 0.096 0.064 

Cellulose-Filled................ 1.71 ' = 0.29 Mod Polystyrenes, Ht & Cmi Res. . 0.08 0.03 
Vinylidene Chioride.............. 1.71 | 0.04 Styrene-Butadiene Flexible Foam 
Hard Rubber, High Dielec Str..... 1.71 | — ND as ta 68 pals ikl 0.072 — 
Phenolics, Shock or Ht Res....... 1.67 | 0.33 Vinyl Flexible Foam.............. > 0.064 _ 
Hard Rubber, High Ht Res........ 1.65 ~- Prefoamed Polystyrene........... 0.048 0.019 
Carbon and Graphite............. 1.57 0.07 Prefoamed Urea................. 0.016 0.003 
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Btu/hr/sq ft/°F/ft 


Thermal Conductivity’ 








Material & Average Range, + Material & Average Range, + 

Cobalt 479 Mullites. . 1.55 
Silver. ... 242 NS 2. ik a ane ataiw wes 1.48 
Copper> 211 Alumina Refractory’. ............ 1.37 
_ Sere 172 Standard Electrical Whitewares. . 1.22 0.35 
Beryllium Copper 105 Spinel and Zircon Refractories°. . . 1.21 
Aluminum and Its Alloy». . 97.8 30.2 Low Density Polyethylenes, Melt 
Tungsten... . 96 OL eee 0.91 
Soft Leads. . 90.6 Silica Glass . reer clr. 0.8 
Plain Brasses>. . . . 88 21 Borosilicate Glass................ 0.67 
Molybdenum. ... 84 See 0.53 
Graphite. . ere oe 78.8 8.0 Soda-Lime Glass................ 0.53 
Phosphor Bronzes>.......... 74.5 45.5 Silicones—Plastics. . 0.529 0.44] 
Natural and Silicone Rubbers 67 Alkyds, G-P.. 0.475 0.125 
Tin Brasses>........... 65.5 1.5 Lead Silicate Glass............... 0.475 0.025 
Zinc and Its Alloys... .. 61.4 0.8 Polyvinyl Alcohol. ana 0.46 — 
Inconel>. . ere 6] — Melamines, Filled................ 0.33 0.08 
Aluminum Brass..... 58 Phenolics, Electrical 0.29 0.05 
Rhodium. 50 Alkyds, High Sif..............00. 0.25 0.05 
Platinum. . 42 Cellular Polyethylene............ 0.25 0.05 
Palladium 4] Phenolics, Shock and Ht Res..... 0.243 0.147 
Ingot Iron 38 Plastics Laminates, GP.......... 0.23 0.06 
Grade A Tin». 37 Ureas iceaas 0.207 0.037 
Nickel Steels. . 36.5 2.3 Low Density Polyethylene, Melt 
Wrought Iron 36 Index 200 as 0.19 
Nickel 35.1 0.9 Plastics Laminates, Mech & Elec 0.17 
lridium........ 34 Roll Felts bah eget 0.16 0.14 
Tin Foil. . 34 Nylons, Soluble citaeevi 0.16 
Tantalum ’ 32 Cellulose Acetate and Propionate 0.145 0.045 
Nitriding Steels....... , 30 Nitrile Rubber...... athe ie 0.143 - 
Standard Malleable Iron®........ 29.5 Polytetrafluoroethylene.......... 0.142 — 
Gray Irons se blue hea 29 5 Phenolics, GP... ... YP 0.133 0.037 
Aluminum Bronzes (cast)........ 27.5 5.5 Cellulose Nitrate Sheet........ 0.133 - 
Carbon and Low Alloy Steels... . 2 Ethyl Cellulose.............. 0.129 0.038 
Nickel-Chromium-Molybdenum Acrylics (cast)... 0.125 0.025 

Steels. . 21.7 Nylons 6, 66 and 610 0.12 0.02 
Nickel Silvers 21.5 Acrylics 0.120 
Thorium! 21.4 Allyls (cast) 0.118 0.003 
Nodular Irons... eames 19 ] Neoprene Rubber. 0.112 - 
Hard Lead Alloys.......... 17.5 1.5 Polyester (cast), Rigid... 0.11 0.01 
Martensitic Stainless Steels 16.4 4.8 Epoxies (cast)... . 0.101 0.005 
Nickel Silvers (cast)? . 15 l Asbestos Fiber 0.097 
Uranium>...... 14.5 Polyvinyl Formal 0.089 
Lead-Base Babbitts 14 Polyvinyl Chloride 0.085 0.015 
Monel ‘athe 13.1 2.3 Rubber Phenolics 0.08 0.04 
Tantaium Carbide... . 12.8 Polystyrenes, GP. . - 0.069 .011 
Alumina Whitewares....... 11.8 2.2 Epoxy Foamed-in-Place......... 0.067 - 
Zirconium Carbide>............. 11.8 — ee 0.065 0.035 
High Alloy Steels (cast)......... 11.4 3.8 Modified Polystyrenes........... 0.054 0.006 
Stainless Steels (cast)........... 11.3 3.2 Vinylidene Chlioride............. 0.053 
a ee ll 2 ere errr 0.053 
Titanium Carbide>. kes 9.92 — Polytrifluorochloroethylene....... 0.035 
Gs exh hie seta nasscets 9.8 - Prefoamed Epoxy............... 0.034 0.120 
Ea See 9.6 - Cellular Cellulose Acetate........ 0.026 0.002 
Se 9.53 Urethane Rubber Foamed-in-Place. 0.025 0.005 
Austenitic Stainless Steels....... 9.4 - Neoprene Flexible Foam.......... 0.025 0.004 
RS eee eee 8.7 Silicone Rubber Foam............ 0.025 — 
Columbium Carbide>............ 8.22 Latex and Nitrite Flexible Foams. 0.023 0.002 
Low Expansion Nickel Alloys... ... 6.48 0.43 Prefoamed Polystyrene........... 0.022 0.002 
Titanium Alloys................ 5.8 0.9 Phenolic Foamed-in-Place....... 0.021 0.002 
RE Ee Se 4.12 — Polystyrene Foamed-in-Place..... 0.020 0.002 
TESS Oreo 4 ] Styrene—Butadiene Flexible Foam. 0.018 — 
Zircon Whitewares............... 3.24 — Prefoamed Urea................. 0.016 0.002 
Se errr 2.17 0.23 | a re 0.015 0.004 
Cordierite and Steatite........... 1.68 0.72 














*Values at temperatures between 120 and 212 F except where noted (exact temperature can be found in appropriate Properties of 


Materials section). 
>Value at room temperature, 
eValue at temperature >1800 F. 


MATERIALS SELECTOR ISSUE, 





1957-58 





2 


Compariso; 
of Materia 






























Comparisons of Materials 


10~* in./in./° F 


Coefficient of Thermal Expansion’ 






















Material # Average | Range, + Material & Average Range, + 

Polyethylene sa igi 89.5 20.5 Molybdenum Steels? . 8.3 
Vinylidene Chioride?. . . 87.8 — Carbon Steels (cast)>...... i 8.3 
Polyvinyl Butyral¢. ... 7 85.5 41.5 Low Alloy Steels (cast)>.......... 8.15 0.15 
Ethyl Cellulose?................. 82.5 27.5 High Carbon Steels>.......... 8.1 
Cellulose Propionate?...... 80 10 Chromium-Vanadium Steels... 8.1 
Cellulose Acetate Butyrate?...... 75 15 Manganese Steels» 79 
Mod Polystyrenes, Extra High im- Gold. . : ere 7.9 

pact?. . he 73 26 Magnesiac. cetaed ts 7.78 
Cellulose Acetated. . es eee 67 23 Nickel and Its Alloys... 1] 1.3 
Nylon 64. . eb iecs 58.5 12.5 Calciac. . - 7.55 
Cellulose Nitrate Sheet. 55 1] Martensitic Stainless Steels>. 6.9 0.4 
Polytetrafluoroethylenes. .. ‘g43 55 - Ingot Iron. . 6.8 
+ el Sa 55 - Cobalt¢.... TN Oe 6.8 
Polyvinyl Alcohol, . 52.6 13.9 ss asa akkeases.a 6.7 
Acrylics (cast)¢. . isdenbeas 50 - a 6.6 
Polyester (cast), Rigide ey ee 47.5 8.5 Standard Malleable Irons......... 6.6 
Phenolics (cast), Decorative?...... 44 ll Nitriding Steels>............... 6.5 
ee ks ak eh slick 42 14 eee eee 6.5 
Mod Polystyrenes, Med & High Titanium Alloys». .............. 6.4 0.7 

SE 40 7 NS es cock send ehicu 6.2 
4 a 40 _- (hence POPE RT CET 6 
Polytrifluorochloroethylene?...... 38.8 -— Ruthenium?. . 5.1 
Phenolics (cast), Mech & Cmi¢. . . 38.5 5.4 Titanium>. . 5.8 
Polystyrenes, GP¢.............. 38.5 5.5 Beryllium Carbide. 5.8 
Epoxies (cast)?...... 38.3 11.7 Beryllia & Thoriac. . phase 5.28 
Mod Polystyrenes, Ht & Cmi Res¢.. 38 ~ Plastics Laminates, Mech? ae 5.2 0.9 
de a 35 5 ke a ee 5 
Prefoamed Polystyrene?......... 35 15 Soda-Lime Glass........ 4.95 0.15 
Plastics Laminates, GP¢......... 34.5 23.5 Lead Silicate Glass........ 49 0.2 
Polysulfide-Epoxy (cast)¢........ 33 22 Platinum........ Saree 49 - 
Polyvinyl Chloride, Rigid?........ 30.5 2.5 eee See 4.8 
Silicones Plastics, GP¢........... 30.1 2.2 Sr ee re 4.72 
Urethane Rubber Foamed-in-Place¢ 29.5 | «14.5 Rhodium@...... ry eae Oe 46 
Epoxy Foamed-in-Place@. . 25.2 | 3 Tantalum Carbide>............. 46 
Silica, Crystalline. . " 23.9 — Silicone Plastics, High Impact?. . 4.5 
Silicone Rubber Foamed-i in- Placed, 22.5 2.5 Plastics Laminates, Elec¢..... 4.45 1.35 
Cellular Cellulose Acetate?.... 22.5 2.5 Alumina Refractorye...... 4.4 - 
Melamines, Filled¢. .. a 21.1 10.6 Titanium Carbide>. . 4.1 - 
Se 20.8 42 Columbium?............. 4 
See 20 10 Tantalum? 3.8 
Prefoamed Epoxy?. . 19 3 lridium?. ates 3.8 
Zinc and Its Alloys?. .. 18.9 0.5 Zirconium Carbide>.............. 3.7 . 
Soft Leads?. . 16.3 _ Steatite..... 3.66 0.33 
Tellurium Lead@.. 16 - Osmium, .. 3.6 
Phenolics, Shock and Ht Resd. 15.6 7.4 Hafnium?....... ckeeiees 3.4 - 
Hard Lead Alloys............ 15.2 0.8 Tungsten Carbide>...... hee aces 3.35 0.05 
Zinc Alloys (cast)......... 15.2 - Alumina Whitewares............ 3.21 0.45 
Rubber Phenolics?.............. 15.1 6.9 Se eee 3.1 — 
Magnesium Alloys............... 15 | — Ee cee 3.06 - 
Aluminum and Its Alloys......... 13.9 | 0.6 Zircon Refractory®............... 3.06 - 
CE an soto, , a ee 13.6 1.4 Molybdenum... . . re ae 3 - 
ES 13 | — Silicon Carbideb................. 2.6 - 
Lead-Base Babbitts............. 12.7 1.9 Boron Carbide>......... 2.5 - 
Phenolics, Electrical¢..... . e 12.5 | 1.9 re 2.5 - 
he a 12.1 — Aluminum Silicate Glass.......... 23 — 
LSS 5 10.9 -- SR > Rn ere 2.2 _ 
Copper and Its Alloys........... 10.4 1.4 Borosilicate Glass................ 2.15 0.35 
Austenitic Nodular Irons... 10.4 ~- IN oo 5¥ es ue codaecs taseess 2.08 — 
Austenitic Stainless Steels?....... 9.7 | 0.2 Standard Electrical Whitewares... . 2 _ 
5 Se 9.15 | 0.15 } Zircon Whitewares............... 1.57 0.27 
Nickel and Its Alloys (cast)>...... 9.03 me COOPER er ey 1.4 0.1 
High Alloy Steels (cast)>......... 8.45 2.05 RS Sc ciapasekscipexessd 1.15 0.15 
Stainless Steels (cast)>........... 8.4 oe Silica Glass. .... Tisksdvahant ae 0.37 0.07 
Free-Cutting Steels>............. 8.4 | — lk 0.28 _ 
Medium and Low Carbon Steels». . 8.35 | 0.05 





*Values for a temperature range except where noted. The lower temperature is room temperature. The higher temperature is a value 


between 212 and 750 F except where noted. 
»Value for a temperature range between room temperature and 1200-1650 F. 
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¢Value for a temperature range between room temperature and 2200-2875 F. 


ENGINEERING 


4Value at room temperature only. 














Melting Points of Metals and Ceramics 











Fahrenheit 
Material & Average |Range, + Material Average (Range, + Material Average |Range, + 

Tungsten 6152 Fused Silica Glass 3050 Austenitic Nodular Irons 2250 

Thoria. . 6000 Titanium Alloys 2866 136 Other Nodular Irons. .. 2100 50 
Tantalum 5425 Palladium. 2829 Uranium. . 2071 

Magnesia 5070 Ceramic Fiber. .. 2800 Glass Fiber 2000 900 
Osmium 4890 96% Silica Glass 2800 Copper 1960 20 
Molybdenum 4760 Ingot Iron. 2794 ere 1945 

Calcia. 4710 Wrought Iron......... 2750 Copper Alloys. . 1790 160 
Zirconia 4710 Low and Medium Carbon Silver. . ee 1761 

Beryllia. 4620 eee 2735 35 Aluminum Silicate 

Ruthenium 4530 Nickel-Chromium- Bs heiiseveend 1675 
lridium......... 4450 Molybdenum Steels. 2740 Borosilicate, Lead Sili- 

Zircon Refractory 4390 eee 2723 cate and Soda-Lime 

Columbium 4380 Martensitic Stainless er 1290 210 
Spinel 3830 Se . 2650 150 Aluminum and Its Alloys.} 1070 140 
Alumina Refractory 3660 Stainless Steels (cast). 2650 100 Magnesium Alloys...... 1010 190 
Rhodium. .. 3571 RAs oankncks 2620 10 Zinc and Its Alloys.... 756 36 
Hafnium. 3400 Austenitic Stainless ae 620 3 
Zirconium 3355 Steels...... 2600 50 Tin-Base Babbitts..... 570 220 
Mullite 3330 Nickel Steels 2600 20 Hard Lead Alloys. 550 60 
Platinum 3224 Duranickel 2580 35 Pewter......... 520 45 
Silica, Vitreous 3140 High Alloy Steels (cast) 2550 200 Lead-Base Babbitts 500 40 
Titanium 3135 Nickel (cast). . 2520 75 White Metal. .... 475 
Vanadium 3100 Asbestos Fiber 2470 300 Hard Tin..... 443 3 
Thorium 3074 Nickel Alloys 2450 150 Tin Foil 390 
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of Materia 
























Maximum Service Temperatures of Plastics and Rubber 
Fahrenheit 
| 
Material Average |Range, + Material + Average (Range, + Material Average (Range, + 
Silicone Rubber. . .. £50 Plastics Laminates, Elec. 280 120 Polyvinyl Chloride, Non- 
Polytetrafluoroethyiene 500 Cellular Cellulose Acetate} 270 75 rigid . ; 180 40 
Silicone Plastics, GP. 450 Polysulfide-Epoxy (cast) 270 25 Mod Polystyrenes, Ht & 
Silicones, High Impact 450 Polyester (cast), Rigid. 270 25 Cmi Res..... 180 8 
Fluorinated Acrylic Plastics Laminates, GP 270 25 Natural Rubber. . . 180 
Rubber...... 450 Urethane Rubber Styrene-Butadiene 
Polytrifluorochloro- Foamed-in-Place. .. 270 25 Rubber........... 180 
ethylene... 380 Rubber Phenolics... 260 45 Neoprene Flexible Foam. 180 
Diallyl Phthalate. . . 370 75 Melamines, Fabric-Filled} 250 Polystyrene Foamed-in- 
Phenolics, Shock and Nitrile Rubber. . 250 Place.... 180 - 
Ht Res 350 100 Polysulfide Rubber 250 Acrylics (cast) 170 30 
Melamines, Glass-Fiber Neoprene Rubber. 240 Acrylics. ia 170 18 
Pere 350 50 Urethane Rubber 240 — ae _ 170 ~ 
Nylon, Glass Fiber-Fifled 350 50 ee 220 25 Polystyrenes, GP..... 160 20 
Alkyds, High Strength. . 350 _ Polyester (cast), Nonrigid} 220 25 Polyvinyl Chloride, Rigid 160 R 
Phenolics, Electrical . 325 75 Plastics Laminates, Prefoamed Polystyrene. 160 5 
Alkyds, GP. 320 25 Mech. . 220 25 Latex Flexible Foam. 160 
Phenolics, GP. 320 25 Nyion 610... 220 ~ Styrene-Butadiene 
Prefoamed Epoxy.... 320 25 Hard Rubber, GP. 220 - Flexible Foam... 160 
Melamines, Cellulose or Polymethylstyrene 210 ] Polyvinyl Formal....... 150 17 
Mineral-Filled.. . 300 95 Melamines, Unfilled... . 210 -- Mod Polystyrenes, Med 
Epoxies (cast). ... 300 —- Butyl Rubber........ 210 & High Impact....... 140 20 
Allyls (cast)... . 300 Nitrile Flexible Foam. . . 210 Mod Polystyrenes, Extra 
Phenolic Foamed-in- Urethane Flexible Foam. 200 High Impact........ 140 15 
are 300 -- Prefoamed Urea........ 200 ~ Nylons, Soluble........ 140 -- 


Nylon 66. 








Vinylidene Chloride... .. 








Polyvinyl Butyral....... 
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Electrical Resistivity* 



















Microhm-cm 
Material & Range | Material # Range | Material & Range 
Polytrifluorochloroethylene......... 1.2 x 10% | Soda-Lime Glass>................... 4x 10% | High Carbon Steels. . , (aiaue 
ee 10%4-10%5 | Phenolics, GP.............. ..... 101-10! | Manganese Steels......................, 17 
Polyethylene. . ti 1023-105 | Melamines, Fabric-Filled............10%-10!8 | Low Alloy Steels. . . 15-20 
Nylons, Glass Fiber- Filled. siiibihince A. 9. 5.7 x 1074 | Diallyl Phthalate. ....... 56a o RSE I EIT bck oc... ..,. bin cdeeedeWaas 15 
Mod Polystyrenes, Med & High Impact. 1021-1025 } Silicone Plastics. ..... -.eeeeee >3.4x 10% | Platinume.. ' 14.9 
PI. os, sb abduicd dab ivvaeusend 1021 | Rubber Phenolics..................10!-10"7 | Free- Cutting Steels. . ba denice 14.3 
Aluminum Silicate Glass>............... 1021 | Silicon Carbide................. 1.07-2 x 108 | Low Carbon Steels........ eats eect 14.3 
Pees Silica Glass”... ........ cc ccccees 10% | Beryllium Carbide................. 1.1 x 106 | Magnesium Alloys (cast), Sol’n Tr. . .14.0-17.5 
Urethane Rubber Flexible Foam. .6.8-8.3 x 102° | Boron Carbide..................... 3-8 x 105 | Carbon Steels (cast)....... 13-16 
Polystyrenes, Glass Fiber-Filled....1-67 x 102° | Carbon...............00....002.. eT 13 
Vinylidene Chloride................ oe re 800-1300 | Tungsten Carbide... .. 12-8] 
Mod Polystyrenes, Extra High Impact. 102°-1022 | Vanadium Carbide... . ne .156 | Tantalum...... baad 12.4 
Alumina Whitewares................ Pe ee ID n,n. vin sc enw annteden ape tH TH... ..... eee 2 
Acrylics and Alkyds.................... 102° | Titanium Alloys. .... .118 ]| Inconel (cast) 11.6-12.6 
Cordierite, Forsterite and Steatite........ 102° | Titanium Carbide... . .105 | Grade A Tin.. Ss 
Lead Silicate Glass>..... 0.0.0... 102° | Austenitic Nodular Irons................102 } Palladium. ..10.8 
Polyvinyl Butyral.......................10 J Inconel... ie sees ......-98.1 | Ingot Iron. . ‘<n 
Polyvinyl Chloride, Rigid................10° Columbium Carbide. . eee ee tae 
Zircon Whitewares..................... 10° | Austenitic Stainless Steels. we - ‘wane 
ye a >10® | Stainless Steels (cast).................71-90 | Admiralty Metal, ES Eee 8.9 
oh 4.5 x 10" | High Alloy Steels (cast)...............70-112 | Rutheniume............. err 
Mod Polystyrenes, Ht & Cml Res..... 10%9-1023 | Nodular Irons........................ 66-68 | Aluminum Bronzes (cast).... 7.5-13.5 
Na 10%9-102! | Zirconium Carbide. .... 2... .. 0... ee, 63.4 | Aluminum Brass, Ann................... 7.5 
Standard Electrical Whitewares...... 10'9-102! | Titanium. .... ve ueeueeesseees 99 | Manganese Bronze, Ann... 7.2 
Epoxy Foamed-in-Place....... TEA 10° | Monel (cast)°...... 53.2-63.1 | Zinc Alloys (cast)....... -6.37- 6.54 
Polyesters (cast), Rigid... . Ore .. .48.2-58.3 | Zinc Alloys (HR)...... 6.22-6.31 
Epoxies (cast)....................>8x 10% | Low Expansion Nickel Alloys........... 48-81 § Zinc (CR).............. eo 
Phenolics, Electrical..............6-10 x 10° | Duranickele.................. ..46.5 | Magnesium Alloys (cast) . .6.6-17 
Polysulfide-Epoxy (cast).........1.3-15 x 10!8 | Martensitic Stainless Steels... . .40-72 | Naval Brass, Ann..... i> Cae 
Phenolics (cast), Mech & Cmi......1-7 x 10 ] Zirconium. .........................05.- 40 | Yellow Brass, Ann...... vee 
Phenolics (cast), Decorative........1-3 x 10% ] Pearlitic Malleable lrons........... 38.2-41.2 | Muntz Metal, Ann......... . 082 
Cellulose Propionate................ 108-1021 | Standard Malleable lrons................. 32 | Cartridge Brass, 70% Ann.... mee, 
ci cacssscsswevesse’ 108-1020 | Nickel-Chromium-Molybdenum Steels>..... 30 | Zinc (HR).. ... 6.06 
Borosilicate Glass>..................... ES a ees ee) 30 | Aluminum and Its Alloy, ers 5.75 
Polyesters (cast), Nonrigid.............. 10'8 | Nitriding Steels......... i paiedundeeaee 27-29 | Tungstenc. . ; .oise 
Polytetrafluoroethylene................. 108 | Nickel Steels, Ann.>.................. 27-29 | Low Brass, 80%, Ann.. iw 
Polyvinyl! Chloride, Nonrigid..... 4-7000 x 10'7 | Lead-Base Babbitts................25.6-28.7 | Iridium............. Meee 
Phenolics (cast), Transparent........ Ue WE cc bao cc cacasvcceteetedout 25-50 | Molybdenume......... eee 
Polymethylstyrene....... < ois «gE EES, Jokes ccbasasecaecedls Wate 25 | Magnesium Alloys....... iS 
Sa 2 x 107-102 | Hard Lead Alloys.................. 22.0-27.1 | Beryllium Coppers, Ann... .. .. 4,82-5.82 
Melamines, Glass Fiber-Filled...... 1-7 x 10'7 | Chromium-Vanadium Steels....:........ eee ee Ns i cu yensdeadoeiwwls..cads O08 4.5] 
Cellulose Nitrate Sheet......... Foes) | | er ree 20.8 | Red Brass, 85%, Ann.................... 4.7 
Melamines, Cellulose and /or ET ES see 20.6 | Commercial Bronze, 90%, Ann...........3.9 
emerel-Pilled . . 0... ccc esc es 107-102 | Tantalum Carbide. ...................... 20 | Phosphor Bronzes, Ann............... 3.6-16 
eo BED Aakers 5-50 x 10!6 | Manganese-Silicon and Manganese-Nickel- i ee Corre 3.1 
Cellulose Acetate................... 1016-1019 Chromium-Molybdenum Steels. ...... 19-20 | Aluminum and Its Alloys, Ann... . . .2.93-5.94 
Phenolics, Shock and Ht Res... .. ...10**-10% | Molybdenum Steels...................... SE I Bee VCs sc divdenseedtussseeees 2.35 
Cellulose Acetate Butyrate.......... 10*6-10'8 | Medium Carbon Steels................... 19 | Copper, Ann......... reer . .1.71-2.03 
96% Silica Glass. ............... Rn. dik as sdemectavinsoedveads se kk ere 1.59 





*Values or ranges at room temperature except where noted. 
>Value or range at a temperature between 120 and 212 F (exact temperature or temperature range can be found in appropriate Properties of Materials 


section). 
eValue or range at 32 F. 
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Modulus of Elasticity in Tension® 




















100,000 psi 
Material + Average Range, + Material Average Range, + 

Osmium........ 800 — | Fused Silica Glass... 100 _ - 
Magnesium Alloys (cast). 650 ~ 96% Silica Glass................. 97 _ ae 
Ruthenium.......... 600 - Soda-Lime Glass... 95 5 ot shateria 
Tungsten........ 500 Borosilicate Glass. . 83 | 15 

Molybdenum... 420 Lead Silicate Glass. . 83 | 7 

Rhodium 420..... 420 ~ ice oa p5 oh 43 skeen ds 77 }  - 

Alumina Whitewares. . 380 30 Tin-Base Babbitts. . . 74.5 13 

 _. SPAR oo 310 -- ry eee er 74 - 

Cobalt...... 300 — Ee ee eee eee 70 

Nickel...... 300 _ Magnesium Alloys. . 65 ~ 

Duranickel. 300 Grade A Tin.. ' 62.5 aa | 
Uranium. . 300 _ Foamed-in- Place Epoxy. 60 : 
Carbon Steels (cast). 299 2 Lead-Base Babbitts. . 42 - | 
Ingot Iron. 298 _ Phenolics, Electrical. . ‘ 40 10 
Carbon and ‘Low Alloy Steels 295 5 Phenolics, Shock and Ht Res... 20.5 12.5 
Wrought Iron.. 290 ~ Lead and Its Alloys 20 - | 
Martensitic Stainless Steels 290 — Carbon. 19.5 as 

Pearlitic Malleable trons... 280 Haynes Stellite 21 16.8 - 

Austenitic Stainless Steels 280 ~ Melamines, Filled 14.7 48 

Lan, OE eee 270 - Serer re 14.5 | as 

High Alloy Steels (cast). . 270 20 Polystyrenes, Glass Fiber-Filled. . . 12 — 

Stainless Steels (cast). .. 265 25 Diallyl Phthalate 11.5 | I: 

eee 260 _ Graphite....... ll | 3 

Standard Malleable Irons 250 _ Phenolics, GP. . 10.5 | @ 

Inconel (cast). . 240 10 Rubber Phenolics 6.5 | ‘Ba 

Monel (cast). . 236 6 Polyvinyl Formal 6 r 4 

Nodular Irons. . 235 15 Epoxies (cast). . 4.95 | 0.45 

Low Expansion Nickel Alloys 225 15 Phenolics (cast), Mech & Cmi 45 | Of 

Nickel (cast) 215 ~~ Polystyrenes, GP 4.5 0.5 

Platinum...... 210 - Acrylics 4.25 0.75 

Zircon Whitewares. 210 ~ Nylon 66 4.05 0.08 

Hafnium and Vanadium 200 Polyesters (cast), Rigid... 4.0 25 

Beryllium Coppers. .... 190 - Mod Polystyrenes. . 4 2 

Austenitic Nodular Irons 185 - Phenolics (cast), Decorative 3.75 | 0.75 

Nickel Silvers 180 20 Polyvinyl Butyral. 3.75 0.25 

Copper. . 170 -- Nylons 6 and 610 2.55 1.05 

Palladium. 170 -- Allyls (cast). . :, 2.5 | We 

Aluminum and Phosphor Bronzes. 165 15 Poytiluorochloroethylene 2.45 | 0.55 

a rr 160 10 Cellulose Nitrate Sheet. . 2.05 0.15 

Tin and Aluminum Brasses...... 155 5 Ethyl Cellulose......... 2. 1.5 

Titanium and Its Alloys. ... 154 5 Phenolics (cast), Transparent 2 l 

IS Se ee 145 55 Polysulfide-Epoxy (cast). .... 1.75 1.74 
eS ee 145 15 Vinylidene Chloride. ....... 1.35 | 0.60 

Zirconium 140 _ Cellulose Propionate. . . 1. | 0.6 

Re 120 _ Polytetrafluoroethylene..... 0.515 0.135 
ee 110 — Nylons, Soluble............ 0.38 _ 

Aluminum and Its Alloys. . 104 4 Low Density Polyethylenes....... 0.235 0.035 
Ee er 100 - Polyvinyl Chloride, Nonrigid...... 0.017 0.013 

Standard Electrical Whitewares... . 100 _ 



































sAt room temperature. 
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Comparisons of Materials 









































Tensile Strength? 
1000 psi 
Material & Average Range, + Material + Average | Range, + 
Rhodium, CW............. 300 Austenitic Stainless Steels, Ann. 97.5 12.5 
Manganese-Silicon & Manganese- Manganese Steels, Ann..... 97 13 
' Nickel-Chromium-Molybdenum Stainless Steels (cast), Ann. 96 ] 
: Steels, H & T (800 F).......... 225 33 Martensitic Stainless Steels, Ann. 95 30 
Nickel-Chromium-Molybdenum High Alloy Steels (cast), Ann... ... 95 —- 
: Steels, H & T (800 F)......... 215 5 Medium Carbon Steels, CW.. 94 9 
, Stainless Steels (cast), H&T.... 210 10 Titanium, Ann.... 94.5 9.5 
ee 208 4 Inconel (cast). ... 92.5 27.5 
Beryllium Coppers, CW & Ht Tr... 195 15 Nickel-Chromium- Molybdenum 
Nitrided Steels, H&T........... 190 - Steels (86xx, 87xx), Ann.. 9] 14 
Molybdenum Steels, H & T (300- Free-Cutting Steel, CD..... 90 20 

ESR eee 188 80 Nickel Steel, Ann............. 90.5 13.5 
Martensitic Stainless Steels, H & T. 187 98 Uranium. . 90 
a ree 185 120 Medium Carbon Steels CHR). 89 9 
EE a 185 15 ee ee eee 87.5 17.5 
Beryllium Coppers, Ann. & Ht Tr.. 175 10 Zirconium, CW.. 86 4 
Titanium Alloys, Ht Tr.......... 170 - Manganese Bronze, Half Hard... 84 
High Carbon Steels, H & T (700 F). . 169 20 Cartridge Brass, 70%, Hard.. 76 
Nickel-Chromium-Molybdenum Low Expansion Nickel Alloys, ‘Ann. 76 6 

Steels, H & T (800 F).......... 168 | 46 Tantalum, Ann............. 75 25 
ae 167 13 Pearlitic Malleable Irons. . 75 15 
EC 158 | 142 Naval Brass, Half Hard... 75 - 
Low Alloy Steels (cast), H & T... 155 45 Low Brass, 80%, Hard. 74 
Austenitic Stainless Steels, CW.... 147 38 Yellow Brass, Hard... 74 
Molybdenum, CW............... 147 28 Ingot Iron, CD. 73 
Chromium-Vanadium Steels, H & T Rhodium, Ann... 73 

| ee 146 4i Beryllium Coppers, CW.... 72 
Tantalum, CW............... 145 | 35 Vanadium, Ann............. 72 
Titanium Alloys, ‘Ann... oes 137 18 Beryllium Coppers, Ann... .. 70 | 10 
Monel (cast), Ann. & Aged. .... 132 13 Aluminum and Its Alloys, T6 70 
Aluminum Silicate Glass..... . 125 17 Red Brass, 85%, Hard..... 70 
High Carbon Steels (HR)... .. 127 — Muntz Metal, Half Hard 70 
Nickel Steels, H & T seeiel i 122 18 Low Carbon Steels, CW 69 13 
Sheet Felts. . “ee 1 122 10 Manganese Bronze, Ann. 65 
Inconel, Ann... ae eae 120 10 Austenitic Nodular Irons 63 5 
Manganese Steels, H & T ined Nickel, Ann.... 62.5 | 12.5 

1000 F).. .. ' 118 18 Low Carbon Steels (HR) 60.5 95 
Phosphor Bronzes, Hard... ae 117 ll Aluminum Brass, Ann. 60 
Low Expansion Nickel Alloys, CW. 115 25 Cobalt, Ann...... ’ 56 19 
Molybdenum Steels, CD....... 113 24 Gilding, 95%, Hard 56 
Columbium, CW... 113 17 Nickel (cast)... .. 57.5 7.5 
Vanadium, CW....... 113 -- Naval Brass, Ann...... 57 | : 
Roll Felts...... saci 112 13 Nickel Silvers, Ann... .. 55 6 
Phosphor Bronzes, Hard.......... lll 36 Standard Malleable Irons......... 55 5 
Manganese Steels, CD.. 110 9 Commercial Bronze, 90%, Hard... 54 — 
Medium Carbon Steels, H ‘& T | Muntz Metal, Ann................ 54 - 

ESS Sy eee 109 ll Silver, CW...... ee 54 _ 
High Carbon Steels, Ann.......... 108 ll Phosphor Bronzes. Ann... 53 13 
Molybdenum, Ann............... 107 23 Columbium, Ann......... a 53.5 5.5 
Nickel-Chromium-Molybdenum | Admiralty Metal, Ann......... i 

Steels (43xx), Ann............. 107 12 SS ia as o0.c8 ioe ie 50 33 
High Alloy Steels (cast), Norm. &T. 107 — Copper, Hard..... File re 50 — 
Mv ciceccsccncseces 105 45 Nickel Silvers (sand cast). . K 47.5 17.5 
Duremenel, AMR................. 105 15 Cobalt (cast). . ry ere ha 47.7 13.3 
Aluminum Bronzes (sand cast), Wrought Iron (HR)... Bs ee 47 — 

H & T (1000-1150 F)........... 102 13 Palladium, CW..... Fe tact 47 — 
Nickel Steels, CD................ 102 8 Yellow Brass, Ann.............. 46 — 
Nickel Silvers, Extra Hard........ 100 8 Gray Irons (cast). ... eu 45 | 30 
Carbon Steels (cast), H &T....... 100 — ere 44 15 
TSS bins bccnasssecesns 100 — Zinc Alloys (die cast)..... E> 44.3 3.3 
Nickel Steels (HR)............... 98 17 Ingot Iron (HR). . 44 - 
Molybdenum Steels, CD & Ann.... 98.5 10.5 | Cartridge Brass, 70%, Ann.. 44 — 
Cobalt (sintered)........ saaans ; -- Ingot Iron, Ann......... a. 42 

*At room temperature. 
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Tensile Strength—concluded 


JUO DS 











Material + Average Material Average Range, + 

Low Brass, 80%, Ann.. 42 Phenolics (cast), Decorative 6.1 
Magnesium Alloys (cast), ‘Sol’n Tr Vinylidene Chloride. . . 6 

vid iaivad teks 40 Phenolics, Electrical..... 6 
Magnesium Alloys — 4) Urethane Rubber (gum) >$ 
Platinum, CW....... ee 39.5 Dially! Phthalate. . 5.85 
Red Brass, 85%, Ann.......... 39 Hard Rubber, High Dielec Str. 5.8 
Zinc Alloys (CR).............. 38.5 Allyls (cast)...... ' 5.75 
Magnesium Alloys (extr)......... 37.5 Nylons, Soluble. oe 5.6 
Thorium......... 37.5 Hard Lead Alloys (chill cast) 5.4 
Zinc Alloys (HR) 32 Hard Rubber, Low Moisture Abs... 5.4 
Copper, Ann. 32 Co 5.15 3.15 
ee 32 - Mod Polystyrenes, Med & High 
Nickel Silvers (sand cast) 30 2 co eee 5.15 1.65 
Palladium, Ann.......... eer 30 Polytrifluorochioroethylene....... a.19 0.55 
Vinylidene Chloride, Oriented. 27.5 2. Ethyl Cellulose. . 5 2 
Alumina Whitewares 27.5 7. Standard Electrical Whitewares 4.75 2.25 
Zinc (CR) 26 5 Silicone Plastics, High Impact 47 0.3 
Zinc (HR). 24.2 Cellulose Acetate, Medium 46 1.9 
Plastics Laminates, GP 22.2 Cellulose Propionate..... 45 3.0 
Silver, Ann. 22 High Density Polyethylenes 4.5 1.0 
Platinum, Ann 21.5 Cellulose Acetate Butyrate 4.35 2.45 
Gold, Ann. 19 Silicone Plastics, GP. 4.15 0.15 
Gold (cast) 18 Natural Rubber. . 4.0 0.5 
Nylons, Glass Fiber-Filled. 16 Hard Tin (CR)... 4 - 
Plastics Laminates, Electrical... ... 15.2 Hard Rubber, High Arc Res 4 
Silver (cast). . 15 Mod Polystyrenes, Extra High 
Plastics Laminates, Mechanical. 14 Impact. . : 3.75 0.75 
Polystyrenes, Glass Fiber-Filled. . 12.2 Nitrile Rubber, Black........ 3.75 0.75 
Nylons 66 and 6. . 11.4 Phenolics (cast), Transparent. . 3.5 1.0 
Tin-Base Babbitts (chill cast). 10.6 Alkyds, GP.... 3.5 0.5 
Forsterite. . beticat 10.3 Polyvinyl Alcohol........ 3 2 
Epoxies (cast). 10.2 Styrene-Butadiene Rubber, Black 3.0 0.5 
Mod Polystyrenes, Ht & Cml Res 10.5 Natural Rubber (gum) 3.0 0.5 
Polyvinyl Formal............... 10 Cordierite.... 3 - 
Steatite..... Perrys 9.9 Grade ATin(CR)...... 2.8 - 
Ere errr: le 9.25 Butyl Rubber............. 2.75 0.25 
ii il. |) Sr ; 8.7 Polyvinyl Chloride, nonrigid 2.25 1.25 
Lead-Base Babbitts (chill cast). . 8.65 Polytetrafluoroethylene 2.25 0.75 
Pewter, Ann. 8.6 Grade A Tin, Ann........ 2.2 : 
Nylon 610..... 8.5 Soft Leads (chill cast or extr).... 2.1 0.1 
Zircon Whitewares 8.25 Low Density Polyethylenes, Melt 
Acrylics (cast)...... 8 SR ae 1.95 0.55 
Alkyds, High Strength 8 Soft Leads (sand cast)......... 1.8 _ 
Polymethylstyrenes. . . 7.8 Polyesters (cast), Nonrigid........ 1.4 0.5 
Pewter (CR).......... 7.6 = 1.22 0.78 
Melamines, Filled... 7.5 Fluorinated Acrylic Rubber (gum)... 1.2 
esate ctidscks<veac«s y Polysulfide Rubber (gum)........ l -- 
Phenolics (cast), Mech & Cml..... 7.5 ee ee 1.0 0.1 
Phenolics, GP........ ” 7.5 Epoxy Foamed-in-Place 0.9 - 
Cellulose Nitrate Sheet 7.5 Silicone Rubber —: 0.8 0.2 
White Metal (CR)...... ceaenes 74 Nitrile Rubber (gum). . 0.7 0.2 
Polyvinyl Chloride, Rigid......... 7.25 Cellular Polyethylene. .. 0.67 -- 
White Metal (cast)............... 7.2 Prefoamed Modified Polystyrene... 0.58 0.52 
Hard Rubber, Cmi Res........... 7.17 Urethane Rubber Foamed-in-Place. 0.50 0.49 
Phenolics, Shock and Ht Res..... 7 Styrene-Butadiene Rubber (gum). . 0.25 0.05 
Polyesters (cast), Rigid........... 7 Cellular Cellulose Acetate........ 0.15 0.03 
a re 6.75 Prefoamed Polystyrene.......... 0.11 0.08 
Hard Rubber, High Ht Res....... 6.75 Vinyl Flexible Foam............. 0.10 0.09 
White Metal, Ann............... 6.7 Polystyrene Foamed-in-Place..... 0.08 0.05 
Cellulose Acetate, Hard........... 6.55 Neoprene Flexible Foam.......... 0.06 0.04 
Polysulfide-Epoxy (cast).......... 6.5 Phenolic Foamed-in-Place 0.039 0.035 
Rubber Phenolics................ 6.25 Latex Flexible Foam... .......... 0.015 0.005 





Polyvinyl Butyral................ 
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Comparisons of Materials 


Elongation? 


%. in 2 in. 














Material + Average Range, + Material Average | Range 

Butyl Rubber (gum). 850 100 Zinc (CR) 40 10 
Neoprene Rubber (gum) . 850 50 Nickel Silvers, Ann. — 40 9 
Natural Rubber (gum)............ 800 50 Leaded Naval Brass, Ann....... 40 
Buty! Rubber, Black..... Jaden 750 100 Tellurium Lead (extr) 40 
Urethane Rubber (gum)...... 640 110 Tin Foil (CR) 40 
Natural Rubber, Black. 600 50 Pewter, Ann. 40 
Nitrile Rubber.......... 575 125 Thorium... 40 
Thiokol Rubber (gum)... . 550 100 Hard Lead Alloys (rolled) 38 22 
Neoprene Rubber, Black........ 550 50 Low Expansion Nickel Alloys, Ann.. 38 3 
Styrene-Butadiene Rubber....... 500 100 NS eka duis kKeasaae 37 13 
Nylons, Soluble............. 450 150 Stainless Steels (cast), H &T 36 19 
Polyvinyl Alcohol.......... 450 150 Platinum, Ann. 35 5 
Low Density Polyethylenes, Melt. ingot Iron, Ann. 35 4 

a ore 425 300 Copper, Ann. Wire 35 - 
Latex Flexible Foam. . aA 380 - Grade A Tin (CR).. 35 — 
Polyvinyl Chloride, Nonriid.. 320 130 Austenitic Stainless Steels, CW.. 34 26 
Cellular Polyethylene. . ae 310 - Manganese Bronze, Ann..... 33 
Nylons 6 and 66................. 300 — Polyviny! Butyral 32 28 
Fluorinated Acrylic Rubber (gum). . 300 — Cellulose Acetate, Medium 32 15 
Silicone Rubber (gum).......... 230 170 kk ae 32 8 
Polytetrafluoroethylene. . . 230 120 Carbon Steel (cast), Ann. 3 32 
Vinyl Flexible Foam..... 190 110 Bast Fiber 31 19 
Polyesters (cast), Nonrigid. . 170 140 Aluminum and Its Alloys, “Ann. 31 14 
Polymethylstyrene. .... 130 70 Zinc Alloys (HR) 30 20 
Duranickel, Ann.. Ee 90 40 Columbium, Ann.. 30 
Low Density Polyethylene, Melt Soft Leads (sand cast)... 30 

index 200. . Pee eee 90 10 Gold (cast). . 30 
ES 85 - Chromium- Vanadium Steels, 
White Metal, Ann.. 70 Norm. (1600-1650 F)... 29 6 
Ingot Iron, CD. . eeceves 69 Carbon Steels (cast), Norm....... 29 l 
Hard Lead Alloys (extr).. 66 9 White Metal (CR). . 28 
Cartridge Brass, 70%, Ann... 66 - Vanadium, Ann.. 28 
Yellow Brass, Ann........... 65 - Nickel-Chromium- Molybdenum 
Admiralty Metal, Ann........... 65 ~ Steels (86xx, 87xx), Ann. 27 5 
High Density Polyethylenes. .... 62 38 Medium Carbon Steels (HR) 27 3 
Mod Polystyrenes, Extra High Im- Low Carbon Steels, CW 26 9 

pact. . See ee 60 40 Nickel Steels, Ann. 26 5 
Silver (cast)... ie Merwe oF 60 — Zirconium, Ann... 26 0. 
Phosphor Bronzes, Ann.......... 59 ll Monel (as cast). . 25 24 
Polytrifluorochioroethylene....... 57 30 Tantalum. Ann.. 25 15 
Cellulose Acetate Butyrate.. . 56 18 Carbon Steels (cast), Norm, &T. 25 l 
Austenitic Stainless Steels, Ann.. 55 5 Martensitic Stainless Steels, Ann. 24 ll 
Cellulose Propionate........... 55 5 Wrought Iron (HR).............. 24 
Aluminum Brass, Ann........... 55 —- Austenitic Nodular Irons. . 23 17 
Grade A Tin (cast)............... 55 — Cellulose Acetate, Hard... 23 17 
Low Brass, 80%, Ann............ 52 | — Manganese Steels, H & T (300- 
Polysulfide-Epoxy (cast)......... 50 50 EE See oor 23 5 
ES ee 50 10 Low Alloy Steels (cast), Norm. & T. 23 3 
Soft Leads (rolled)............... 50 7 NC ills cs wasdeside's < 23 - 
FUMIE cas Sw cess ec cd sacar 50 ~ High Alloy Steels (cast), Ann...... 23 - 
Ingot Iron, Ann................. 48 | = Nickel (cast)................... 22 g 
Red Brass, 85%, Ann............ 48 — Vinylidene Chloride............. 22 8 
Soft Leads (extr)..............8. 48 bh) Sade Medium Carbon Steels, H & T 
IMac Sees s cchnses: 48 | ae  - Saag 22 5 
Ey ee 47 8 Aluminum Bronzes (sand cast)... . 21 14 
PE ay Pee 47 8 Nickel Steels, CD................ 21 4 
Naval Brass, Ann................ 47 _ Nickel-Chromium-Molybdenum 
Commercial Bronze, 90%, Ann 45 — Steels (43xx), Ann............. 21 4 
ES EE Oe Oe Pe 45 _ Manganese Steels, Ann.. 21 3 
Gilding, 95%, Ann............... 45 _ Mod Polystyrenes, Med & ‘High 
ES oe oe 45 — ee ee 20 15 
Muntz Metal, Ann................ 45 — Nickel Silvers (sand cast)......... 20 10 
Grade A Tin, Ann................ 45 _ Medium Carbon Steels, CW....... 20 6 
Soft Leads (chill cast)............ 43 4 Hard Lead Alloys (chill cast)...... 20 4 
Beryllium Coppers, Ann.......... 42 8 Manganese-Silicon & Manganese- 
Nickel Silvers, Ann. Wire......... 42 8 Nickel-Chromium-Molybdenum 
Cellulose Acetate, Soft........... 4) 9 Steels, H & T (1200 F)......... 20 3 




















*At room temperature. 
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Elongation—concluded 























% in 2 in. 

Material # Average Range, + Material + Average | Range, + 

Carbon Steels (cast), H & T 20 Cobalt (sintered) 13 

Naval Brass, Half Hard. . 20 Titanium Alloys, Ht Tr. 13 

Low Expansion Nickel Alloys, CW.. 20 -- Uranium......... 13 

Copper, Half Hard.............. 19 6 Nodular Irons 12 12 

High Carbon Steels, Ann... 19 5 Manganese-Silicon & Manganese- 

Manganese-Silicon & Manganese- Nickel-Chromium-Molybdenum 
Nickel-Chromium-Molybdenum Steels. H & T (800 F)..... 12 30 
Steels, Norm. (1600-1650 F)... 19 5 Low Alloy Steels (cast), H & T.. 12 8 

Monel, Ann. & Age H........... 19 5 Aluminum and Its Alloys, H18.... 12 3 

Molybdenum Steel, CD & Ann... 19 3 Cobalt, CW ow 5 3 

Nitriding Steels, H & T (1200 F).. 19 3 Beryllium Copper, cw & Ht Tr. 5 3 

Manganese Bronze, Half Hard 19 2.4-2.5 | Lead-Base Babbitts (chill cast)... 5 3 

Titanium, Ann..... 18 4 Gilding, 95%, Hard......... 5 

Aluminum and Its Alloys, H14 18 2 Commercial Bronze, 90%, Hard... 5 

Nickel-Silvers (sintered) 12 3 Red Brass, 85%, Hard. . 5 - 

High Carbon Steels, H & T ‘na 12 2 Polyesters (cast), Rigid. . 5 

Magnesium Alloys (cast), Sol’n Tr l l Acrylics (cast). . ee er 4.5 2.5 

Inconel (cast). . 10 Se] Magnesium Alloys ( (cast). . 4 2 

Aluminum and Its Alloys, H38. 10 5 Sheet Felts. 4 2 

Aluminum Bronzes (sand cast), Acrylics. . 4 ] 

H & T (1000-1150 F) 10 5 High Alloy Steels (cast), ‘Aged 48, 

Duranickel, Age H 10 . Hr at 1800 F. 4 - 

Phosphor Bronzes, Hard 10 3 Gold, CW 4 - 

Muntz Metal, Half Hard 10 Beryllium wenn ‘Ann. & Ht Tr 

Magnesium Alloys (forged) 9.5 La Wire * eee 3. 1.5 

Stainless Steels (cast).......... 8.5 6.5 4 Hard Rubber, GP. 3 ] 

Zinc Alloys (die cast) 8.5 1.5 } Platinum, CW error 3.0 0.5 

Haynes Stellite 21 (cast).. 8 Magnesium Alloys (cast), Sol’n Tr 

Red Brass, 85%, Half Hard Wire. 8 & Aged...... aie 3 2 

Low Brass, 80%. Half Hard Wire 8 Vanadium, CW. 3 - 

Cartridge Brass, 70%, Hard...... 8 Glass Fiber. 2.8 0.9 

Yellow Brass, Hard......... 8 — Hard Rubber, Cm Res. a. 2.7 _ 

Pearlitic Malleable Irons “ 7.5 4.5 | Hard Rubber, High Ht Res....... 2.6 - 

Beryllium Coppers, Ann. & Ht Tr. . 7.5 4.5 | Hard Rubber, High Dielec Str. ... 2.6 

Monel, Age H 7.5 2.5 Inconel (cast), Ann. & Aged.... 2.5 1.5 

Nylon, Glass Fiber-Filled 7.5 1.0 Monel (cast), Ann. & Aged 2.5 1.5 

Copper, Hard....... 7 l Nickel Silvers, Extra Hard. .... 2.5 0.5 

Low Brass, 80%, Hard 7 - Roll Felts........... 2.5 0.5 

Cobalt, Ann.. 6.5 6.5 Silver, CW..... re 20 - 

Zirconium (CW) 5.7 43 | Polymethylstyrene... 2.3 0.2 

Molybdenum (sintered), Ann.. 5.5 1.5 | Cobalt (cast)....... 2 2 

Zinc Alloys (CR) a 17 3 Beryllium Coppers, CW Wire. . 2 l 

Standard Malleable Irons.... 17 8 Mod Polystyrenes, Ht & Cmi Res. ) l 

Chromium-Vanadium Steels, H & T Haynes Stellite 21, Aged 50 Hr at 
(300-1200 F).... 17 5 RE Serer 2 —- 

Aluminum and Its Alloys, T4.. 17 5 Polystyrenes, GP................ 1.9 05 

Nitriding Steels, H & T (1250 F).. 17 _ Hard Rubber, Low Moisture Abs... 1.8 — 

Martensitic Stainless Steels, H & T. 16 14 Rubber Phenolics................ 1.5 0.8 

Nickel-Chromium-Molybdenum Copper, Hard Wire............... 1.5 — 
Steels (86xx, 87xx), H & T (800 F) 16 5 Palladium, CW.................. lwo — 

Stainless Steels (cast), Ann....... 16 2 ee 1.2 0.3 

Polyvinyl! Chloride, Rigid......... 15 10 ., 4. I eee eer l l 

Free-Cutting Steels, CD.......... 15 | 5 Columbium, CW................. l ~ 

Beryllium Coppers, CW.......... 15 5 Molybdenum (sintered), CW...... l — 

Nitrided Steels, H& T........... 15 _ Inconel, Age H.................. l -- 

Yellow Brass, Half Hard Wire... .. 15 _ Zinc Alloys (chill cast)............ l — 

Leaded Naval Brass, Half Hard... . 15 — Roi kG civ cause cts l — 

Molybdenum Steels, H & T (300- | Hard Rubber, High Arc Res....... l — 
esd snc dhithe as ss'eh seen 14 | 7 Polystyrene, Glass Fiber-Filled. ... 0.87 0.13 

Titanium Alloys, Ann............. 14 4 Melamines, Fabric-Filled......... 0.7 0.1 

Tin-Base Babbitts (die cast)...... 13 9 To Ne on a xine odd 0.6 0.2 

Magnesium Alloys (extr).......... 13 5 Melamines, Cellulose or Mineral- 

Nickel-Chromium-Molybdenum | Dat  Jecedeagaest edhe ‘ 0.45 0.15 
Steels (43xx), H & T (800 F).... 13 ] Phenolics, Shock and Ht Res...... 0.38 0.19 

Aluminum and Its Alloys, H34..... ee 0.31 0.22 
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Comparisons of Materials 


Hardness of Metals and Ceramics’ 





| Range, + 





Material # Average Material # Average Range, + 
Columbium Carbide 9.5 Mohs 0.5 | Nickel-Chromium-Molybdenum 
Tungsten Carbide 9.5 Mohs 0.5 Steels (43xx), Ann.. eo 210 27 
Vanadium Carbide 9.5 Mohs 0.5 | Medium Carbon Steels, H & T 
Boron Carbide. . 9.3 Mohs — A ee 210 3 
Silicon Carbide 9.2 Mohs — Low Expansion Nickel Alloys, CW. B101 2 
Beryllium Carbide 9 Mohs Martensitic Stainless Steels, Ann.. 200 55 
Tantalum Carbide 9 Mohs | ~ Manganese Steels, Ann......... 200 22 
Alumina Refractory 9 Mohs | — Molybdenum Steels, CD & Ann... 200 22 
Beryllia..:.... 9 Mohs | ~ Medium Carbon Steels, CW... 200 19 
Alumina Whitewares 8.7 Mohs 0.2 | High Carbon Steels, Ann.... 200 19 
Titanium Carbide. . 8.5 Mohs 0.5 | Cast Stainless Steels, Ann. 200 8 
Zirconium Carbide 8.5 Mohs | 0.5 | Carbon Steels (cast), H & T 200 
Zircon Whitewares 8 Mohs | - Nickel Silvers, Hard....... B99 — 
Spinel..... 8 Mohs -- Free-Cutting Steels, CD... 190 40 
TS es 5 O28 be vs parva caae 7.5 Mohs ~~ Nickel Steels (HR)........ 190 35 
ES ere ee 7.5Mohs | = High Alloy Steels (cast)........ 190 29 
ASS Pd ee Oe 7.5 Mohs | 0.5 | Medium Carbon Steels (HR)... . 190 24 
Zircon Refractory................ 7.5 Mohs | - Nickel-Chromium-Molybdenum 
Standard Electrical Whitewares. .. 7.2 Mohs 0.2 Steels (86xx, 87xx), Ann....... 190 23 
Cordierite....... 7 Mohs _ Stainless Steels (cast). . 190 21 
Silica, Crystalline 7 Mohs | -- Nickel Steels, Ann.. 180 29 
Thoria. . 7 Mohs | — Low Alloy Steels (cast), ‘Norm. &T 180 29 
Mullite. 6.5 Mohs | 0.5 | High Alloy Steels (cast), Ann.. 180 - 
Magnesia. . 6 Mohs _ Molybdenum (sintered), Ann... i a B95 - 
Tungsten, CW.. rie Cn C53 | 14 Pearlitic Malleable Irons....... 170 12 
Manganese- Silicon & Manganese- Carbon Steels (cast), Norm. & T.. 170 7 
Nickel-Chromium-Molybdenum Cobalt (sintered). ....... 170 — 
Steels, H & T (800 F)......... 450 63 0 8 ae ck aes 170 — 
Nickel-Chromium-Molybdenum | Nickel Silvers, Extra Hard... .. B93 2 
Steels (43xx), H & T (800 F). .. 440 | 5 Vanadium, CW................. B93 — 
Cast Stainless Steels, H & T... 430 | 40 ee ee B92 6 
Nitrided Steels, H&T....... 0 | — Aluminum Bronzes (sand cast). . 160 37 
Duranickel, Age H..... C41 | 5 Low Expansion Nickel Alloys, Ann. 160 13 
Beryllium Coppers, CW & Ht Tr. C41 3 Iridium (cast). ........ 160 - 
Martensitic Stainless Steels, H & T. 380 200 Yellow Brass, Hard. B90 
Molybdenum Steels, H & T (300- Manganese Bronze, Half Hard B90 
1000 F)... 380 150 Nickel Silvers, Hard... .. B88 3 
Chromium-Vanadium Steels, H&T Austenitic Stainless Steels, Ann.. 150 .) 
Pe re 380 66 Phosphor Bronzes, Hard.. B86 ll 
High Carbon Steels, H & T (700 F).. 350 40 Low Carbon Steels, CW... 140 25 
oo, 350 -- Ingot Iron, CD. . 140 _ 
Iridium, CW. . 350 - Low Brass, 80%, Hard. B82 
Monel, Age ae C37 3 Cartridge Brass, 70%, Hard as B82 
Inconel (cast), Ann. & Aged. . 340 40 Naval Brass, Half Hard...... B82 
Monel (cast), Ann. & Aged. . 340 40 Vanadium, Ann.......... B81 
Nickel-Chromium-Molybdenum Yellow Brass, Hard...... Sens B80 | - 
Steels (86xx, 87xx), H & T (800 F) 330 89 Standard Malleable Irons........ 130 17 
Low Alloy Steels (cast), H&T.... 320 | 82 CU Evie chided saps sc: 130 | 8 
Rhodium, CW................... 320 | 65 | Aluminum and Its Alloys, T6.... et ie 
Inconel, Ann. & Age H........... C33 | 4 eS ae B78 — 
Titanium Alloys, Ann.. C32 6 Red Brass, 85%, Hard........... B77 — 
Nitriding Steels, H & T 200 A. 290 32 Muntz Metal, Half Hard.......... B75 _ 
Titanium, Ann.. C30 -- Low Carbon Steels (HR)..... 120 21 
Monel, Ann. & Age H.. he toa C28 5 Aluminum and Its Alloys, T4...... 120 15 
Inconel SN an ee 260 | 120 Eee 120 | 15 
High Carbon Steels (HR).......... 260 29 Carbon Steels (cast), Ann......... 120 — 
Molybdenum (sintered), CW...... C24 3 Commercial Bronze, 90%, Hard. . . B70 | — 
Manganese Steels, H & T don SC LT e hb Gebes cacchoee ct 4.5 Mohs | — 
1000 F). . n/a 250 34 Austenitic Stainless Steels, Ann... 110 35 
Monel (cast)............ 000-00. 240 110 | Nickel (cast).....0..0. 0.0.00. 08. Ri oe 
Austenitic Stainless Steels, CW.... 240 = Aluminum and Its Alloys, T3...... 110 12 
Pe 230 65 oe 110 _ 
High Alloy Steels (cast), — 24 SM ss ssc cccececes B66 25 
4 2. a ee 230 42 Gilding, 95%, Hard.............. B64 _ 
Nickel Steels, CD................ 230 29 Nickel Silvers (sand cast)......... 100 50 
ee 220 80 SS occ dccceccs's 100 50 
AS 220 -- Wrought Iron (HR)............... 100 — 
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®Values are Rockwell when preceded by letter scale, and Mohs where indicated; all other values are Brinell. 
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Hardness of Metals and Ceramics—concluded 




























































Material Average Range, + Material Average Range, + 
Tantalum, CW.. £95 Nickel Siivers (sand cast)... H79 l 
Aluminum and Its Alloys, 172... 95 Platinum, Ann..... 45 7 
Nickel, Ann........... B59 5 Aluminum and Its Alloys, Ann.... 44 21 
Beryllium Coppers, Ann. B57 8 Copper, Ann.. F40 
Zinc Alloys (die cast)... 86 4 Zinc (HR). . 42 5 
Copper, Hard..... B50 Silver (cast) 42 
Ingot Iron (HR). . 83 Aluminum and Its Alloys, H14. hi 36 4 
Aluminum and Its Alloys, H38.... 8] 18 SP Oer er T eeee 33 
Magnesium (cast), Sol’n Tr..... 76 ] Silver, Ann. 30 5 
Muntz Metal, Ann.... F80 Gold, Ann.. 25 
Copper, Half Hard. . B40 Pewter (cast). ey 23 
Zinc Alloys (CR). . 70 10 Tin-Base Babbitts (chill cast). soi 22 5 
Aluminum Brass, Ann.. F77 Lead-Base Babbitts (chill cast). . 21 7 
Admiralty Metal, Ann. F75 White Metal (cast). ... 20 - 
Ingot Iron, Ann.. 69 White Metal, Ann.. 17 
Magnesium Alloys (forged). . bets ait 58 ll Pewter, Ann.. a 13 
errr yerr 58 -- Hard Lead Alloys (chill cast). . be ead 11.2 4.2 
Magnesium Alloys (cast), Sol’n Tr. 5] 6 Hard Lead Alloys (extr)......... 8.7 3.7 
Zinc Alloys (HR)... 56 5 Grade A Tin (CR)................ 8 
Tantalum, Ann. E60 : Hard Lead Alloys (rolled). ... 77 1.8 
Platinum, CW...... 55 42 Grade A Tin, Ann......... 7 
Magnesium Alloys (extr). . 54 13 Tellurium Lead (extr). ... 6 
Magnesium Alloys (cast). . 49 16 Grade A Tin (as cast)........ 5.5 0.5 
Aluminum and Its Alloys, H18 hewn 49 6 Soft Lead (chill cast)......... 4.2 
Palladium, Ann..... ee werd 46 — 
Hardness of Plastics and Rubber’ 
Material + Average Range, + Material + Average | Range, + 
ROCKWELL HARDNESS Polyvinyl Chloride, Rigid..... R118 2 
——-— - Nylon 66....... R118 - 
Urea Biwi ss M118 2 Cellulose Acetate, Hard... R112 ll 
Melamines, Filled.... M117 8 Polytrifluorochloroethylene. . R112 3 
Melamines, Unfilled. M117 3 Nylons 6 and 610..... R1ll 7 
Phenolics, GP..... M114 6 Phenolics (cast), Transparent. . . R109 ll 
Plastics Laminates, GP.......... M110 10 Celiulose Nitrate Sheet.......... R105 10 
Phenolics (cast), Mech & Cml... M106 14 Ethyl Cellulose. ..... 3 R95 25 
Phenolics, Shock and Ht Res.... M106 14 Cellulose Acetate, Medium........ R93 22 
Allyls (cast). . eee M105 13 Cellulose Acetate Butyrate.... R86 28 
Phenolics, Electrical. M105 5 Cellulose Acetate, Soft... .. R76 27 
Diallyl Phthalate. . te OE M104 4 Cellulose Propionate............. R70 50 
Plastics Laminates, Electrical. . M103 9 High Density — , R40 10 
Phenolics (cast), Decorative...... M97 8 am, Soluble. . R64 19 
Plastics Laminates, Mech.... M95 20 —-— --—- ——- 
Epoxies (cast)...... M92 13 “DUROMETER HARDNESS 
Acrylics. . M91 12 He ———| - —-— 
Polyesters (cast), Rigid bee tast M90 25 Hard Rubber, High Ht Res. ubnawad A88.5 | ch 
Nylons, Glass Fiber- Filled...... , M90 | 5 Hard Rubber, Low Moisture Abs. .. A88 4 
Silicone Plastics, GP............. M89 | -- Hard Rubber, Cmi Res........... A87 3 
Polystyrene, Glass Fiber-Filled. . . M85 | 5 Hard Rubber,GP....... nee A81.5 5.5 
Mod Polystyrenes, Ht & Cmi Res. M83 5 Polyvinyl-Chloride, Nong. Sere A75 25 
Polyviny! Formal............... M85 | — Styrene- Butadiene Rubber. . A65 25 
Polymethylstyrenes . M79 4 Natural Rubber............ A60 30 
Polystyrenes, GP... M75 10 Polyvinyl Alcohol................ A55 45 
Rubber Phenolics................ M65 25 Low Density Polyethylenes, Melt 
Vinylidene Chloride.............. M57 8 Er eee eee <26 C73 
Modified Polystyrenes, High Impact. M55 25 Low Density Polyethylenes, Melt 
Silicone Plastics, High Impact... . M45 — ees ee 200 D45 





































*In the first part of this table materials are listed in order of decreasing Rockwell hardness on two scales (M and R) which, though 
separated here, actually overlap to some indeterminate degree; in the second part of this table materials are listed in order of 
decreasing durometer hardness, No relationship between the two parts of the table is implied. 
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Comparisons of Materials 





Creep Strength of Metals 





Stress (1000 psi) for 0.01% Creep per | Stress (1000 psi) for 0.1% Creep per 


“— | Form, Condition 1000 Hr at Indicated Temp (F) 1000 Hr at Indicated Temp (F) 





Up to 800 F 300 | 400 | 500 | 600 | 800 





ee 


300 | 400 | 500 | 600 | 800 





NONFERROUS METALS 



























































Ge Wrought (annealed)...) 3-8 | 1.5-5 }04-26; — |} —/; — — | — I a 
Nonleaded Brasses. Se Wrought (annealed)...).0.9-19} 2-11 (03-23 | — | — | 25 5-9 1-2 | — 
i ae sn aD. | Wrought (annealed)...} 14-23} 5-10 25 |} — {| —|}] — — 
Cupro-Nickel.......... a Wrought (water | | 
quenched, aged)...} 25-40| 15-30 8-30 | — — — | 22 13 ae — 
Te sy ae meee 27 | #4 — |}—}— — | — [ne “ 
Aluminum 7075-T...........] Sheet............... 50 3006; — | — |] —] — — — ~~ 
Titanium (commercial). ..... | Sheet (annealed). .... _ si = | 2] 6) — a - - 
Above 800 F 1000; 1100 | 1200 1500 /1600 | 1000 /| 1100 | 1200 | 1500 1600 
CARBON AND LOW ALLOY STEELS 
Low Carbon Steel........... | Wrought, Cast......... 18 | — | O1 | — | — 13.35 0.5 - 
Carbon-Molybdenum Steels. .| Wrought, Cast........] 5-7 J it er Xe | } 10-12 | 4 2 - — 
Chromium-Molybdenum | | | | 
Steels (0.5-3%)........ | Wrought, Cast........) 6-12] 24 | 1-25] — | — 1] 1020] 38 «451i - 
Chromium Steels | | | | 
ida a Wrought, Cast........ 6-7 | 2.5-3.5 | 2 | —| —| 8] 565/ 235) — 
a ial ons das tp Wrought, Cast........[ 5-9 | 2.54 1-2 | — — 8-12 | 44 2.5-3 — 
STAINLESS STEELS 
Martensitic Chromium Steels | | 
(403, 410, 416, 420)..... ES 8 3.5 1.3 = ae 9.2 4.2 2 - 
Ferritic Chromium Steels 
(405, 430, 440)........... | Wrought............. a27 12345 11848| = | —| 685/35 [1522/4 - _ 
Nickel-Chromium Steels | | | 
| es | | Wrought.............) 12-17} 7.5-11.5 | 45-7 | 1-2 — | 17-25 | 12-18.2 | 7-127 | 1.2-2.8 
eis cu knees a5 | SS ka ales eee —_;— | 4 0.5 — | 15.9 116 6|)— 68 | 1.0 
a See | Wrought......... ili mie” Be a ae — | 1/7 113-14 |} 9 1-2.5 
CORROSION RESISTANT CASTING ALLOYS 
|ron-Chromium Alloys | | 
NG aa \ shied 605.4. SRR ee ee — — -- —}/—-|/ —|f]-=— — | 1.2-3.5 0.7-1.9 
lron-Chromium-Nickel Alloys | | 
(HE, HF, HH, HI, HK, HL)..| Cast............. eh: Hoy > o] —|—-}| — |] = tao | 248 
Nickel-Chromium Alloys | | | 
(HT, HU, HW, HX)........ OE: .. denmitaa ext —|;| —- | = — —-| - — |; — | 6-8.59) 3-5 




















HIGH TEMPERATURE ALLOYS 





eee eee eee ee eee ee eeeeeeeeeeeeeeseeseeeeeeses 


Pe a ee ee ee 


Coe e eee eee eee eee eee ese eeeeseeseeeeseeeseseses 























bAt 1350 F. 





sAt 1400 F. 
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Stress-Rupture Strength of Metals 





Stress (1000 psi) for Rupture in 100 Hr 


Stress (1000 psi) for Rupture in 1000 Hr 
































































































“—" | Form, Condition at Indicated Temp (F) at Indicated Temp (F) 
| | | | 
Up to 800 F 300 | 400 | 500 | 600 800 300 | 400 |; 500 | 600 | 800 

NONFERROUS METALS 
ee sl die iaiein Ke | Wrought (annealed)... .} 22-25 | 20-24 | - - | 19-21 | 15-19 
Nonleaded Brasses...........| Wrought (annealed)...| 34-50 | 26-35 ~ | 28-46 | 18-25 | 
Breazes.........abe- Wrought (annealed)...} 57 | 36 - 50 30 
Aluminum Alloys 

ere Cd cunaksoane — ~ 37 19 

BES ae . eee -- _ ~ 20 9 - 
Titanium (commercial) | Sheet (annealed)..... 45 20 44 32 16 
Titanium Alloys 

ES \exscn whens swale peer ceelean ede ekaae -- — 110 95 46 

I fs x: che ak alas tae cach eens ta aee - - 76 65 58 

8 Mn _ - 100 9] 26 

Above 800 F 1000 | 1200 | 1400 | 1500 | 1600 | 1000 | 1200 1400 1500 1600 

CARBON AND LOW ALLOY STEELS 
Low Carbon Steel............| Wrought, Cast....... 15 5 1.5 - - 10 | 2.8 0.7 - 
Carbon—Molybdenum Steel 

| re 8 
Chromium—Molybdenum Steels 

(0.5-3%).... Wrought. . 28-40 | 10-13 24-39 | 48 0.5-1.0 
Chromium Steels | 

46%... Wrought. 23-30 | 4-9 2-3 |1.5-2 18-20 | 5-7 1.8-2 0.7-1 

6-10% Wrought... 10 3 2 6 2 | 
STAINLESS STEELS 
Martensitic Chromium Steels 

(403, 410, 416, 420)... Wrought........ - 138 38 
Ferritic Chromium Steels (405, | 

_ i Sess | Wrought... 138 38 
Nickel-Chromium Steels 

304, 316, 321, 347... | Wrought.............] 48-55 | 22-29 | - 6-7 - 38-40 | 18-22 3.8-4.4 - 

A Wrought............ — | 2B 8.5 } 20 4.8 

PN a Se Wrought............. 38 | 28 1 = 30 | «#18 ; 
CORROSION RESISTANT CASTING ALLOYS 
lron-Chromium Alloys (HC, | 

SS ere | Cast. —- | — 3-10; — /|1.5-5 i -- 2 1.2 
lron—-Chromium-Nickel Alloys | | 

(HE, HF, HH, HI, HK, HL)...| Cast............... - | 30-35 | 10-15; — 5-9 ~~ 17-22; 810 | 3.5-5 
Nickel-Chromium Alloys (HT, | | | 

| RS Ea ee — | — {1018} — 68.5; — — | 7.5125| — | #7 
HIGH TEMPERATURE ALLOYS 
i .. {sintaMeaserte rt teehee. 15 | 8 | 42 | 3 | U | 110 | 55 | 33 18.5 | 6.6 
ts ect ads Dee cis seen nxibary ocue eed — 60 28 3), — -- 40 16.5 10.5 — 
IN ag LURE ode pita eines Lek ere ~~ 53 — i= | — 3}; — 9.5 — 
A Ene ree te cere Dn ere -- 45 21 14 | 8 ws | 30 16 10 6 
es ew os Sig stalk DKA RRA RREESS VARESE ~- 60 25.7 20 6b | — | 4 |= 19.5 | 15 — 
a chs 4 ciilact) ouuedyisvsobe cia ioe seat aesd _ 62 32 29 15 _ | 50 27 22 10 
A RNG pat me! ce ey Oa pee a _ 45 30 22 15 | —- |- 23 | 18 ll 














*10,000 hr. 
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Comparisons of Materials 





Corrosion Resistance 





> | | Ammonia (dry) 


Material 
4 


32 | Acetic Acid 


Ammonium Chloride 


Acetic Acid 

Acetic Acid 

Acetic Acid 
Ammonium Chloride 
Ammonium Nitrate 


| Acetic Anhydride 
| Aluminum Chloride 
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= | Acetone 
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> | | Ammonia (moist) 


| 


& = | Ammonium Carbonate 


wor,Yr | 
vl = 


on | Ammonium Chloride 


Rh 
wo 
p 


Conc, % 
Temp, F 


3S | Acetic Acid 

© x | Acetic Acid 

> 2 | Alcohol 

zs | Aluminum Fluoride 
2 | Aluminum Sulfate 
2s | Ammonium Fluoride 
a5 | Ammonium Fluosilicate 


aun 

°] 

— 

a = 

4S 

2 > | Alum 
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o> 











Carbon Steel, 
Cast Iron 
14¥% Silicon Cast 
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rm 
rm 
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rm 
rm 
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> 
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rm 
rm 
nm 
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> 

rm 
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Stainless 304... 
Stainless 316... . 
Stainless 20..... 
Aluminum 
ee 
Red Brass....... 
Cupro-Nickel.... 
Silicon Bronze... . 
Aluminum Bronze 


4 


* 


s 


— 
c 


r>rrrx> 
MmOnmrm > 


Oooncqd 
> F F&F ® 
TO rPmMmMommamnmoarwammammmmnammnammmommo 


o 
= 
rwooToucucomuonmmm 


mMmMoOomoovTuoT7 
° > > ep Se ® 
es °° 


mimo | 


Inconel 
Hastelloy A.... 
Hastelloy B..... 
Hastelloy C...... 
Hastelloy D...... 
Hastelloy F. 
ilium.... 
Stellite 6... 





MOODOMMmnm | > rom 
pe Ba 











a ommmmmm 
| Drm | Mmmm Nn NNN sO 





| FPrPPrrwrrww ro owrrr> 
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oo rwnrw 
| FPrrrrrnrarvrT Io MmMmma nmmamwrrrv > 
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i>»rrryryrOmmmmmmmmnm xKw-iOr ra 





| >PrrrrrrocT0w 
, Pry PrrrrrommmmnmmnmmamySe >PPrrw 


PEP PrPrrrrrorgaee???rrrrr 
PPMP Prrrrroeogcre?e?2??orrFrrr 


PPmSPrrrrrroom™eoe?eerr>=> 

r>rrmrrrrrrrmmam mam mmm am Pyrvr> yp 
rPPrrrrrrrr?rrrrr?r rr rrrrrrr>p 
Prrrrrrrrsrrr rr rrr rrrrr > 
o> | o,r> | ed | OmMmmmmmmmmmMmo 


rPrmrrrrrrrooro 


> | 
mate | 
Or, OFYrP, 


impregnated 
Graphite 
Vinylidene | 
Chloride. . > | Ae | Ae 
| Ac | Ac | 
Glass, Stoneware. A 
Tantalum | 4 


> 
> 
> 
> 
> 
> 
> 
> 


>rrr>r 


= 


A 


>>rromm 
>>rrryr 


Platinum........ A 











A 
A 





«Solution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 
>bMaterial may be subject to pitting corrosion when in contact with this corrosive. 

¢Material has rating indicated up to the limiting service temperature (150-180 F for rubber; 125-150 F for Saran). 
4Material is subject to stress corrosion cracking when in contact with this corrosive. 

¢ Material is subject to intergranular corrosion when in contact with this corrosive. 


A = Material is entirely suitable for the service indicated; the anticipated corrosion is almost negligible. 
KEY TO B = Material is suitable for the service indicated; corrosion is usually less than \@ in. penetration per year. 
C = Material is acceptable for some services; corrosion is usually less than 1% in. penetration per year. 
RATINGS | D = Acceptability of material is questionable; corrosion is usually excessive and material should not be used without prior corrosion 
testing under actual service conditions. E = Material is not acceptable; corrosion is excessive. 
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Corrosion Resistance—continued 













































2 
6 = | = = & 2 " 2 
o -— | = | o @ = 2 I) & = 
eieia) |. /£//2/8/2) |el_lsiglele|sizlzis 
“—— 5 5 5 eleiglejglele aig igifigls ab at 
sis/s/2/2/§|§/|§/§/§/s/8 }e iP el;el/=zi;e| § | §}1§l§ 
ELTEILE!|=!16/|2 | Zi si BZl/Slial sie l elel sisal Blaoalselis 
ELELEL Ee Sil slsi/sl/asl/e/5/5/S5/8/8/5/5]/ a5 | sli sls 
<,/<jet{jaeictia|;joa!|o\)a)|a | Oia Oa Hal Holi ala!lo!lo!iao}a 
Conc,%| 10 | 5 | 10 | all {10-20 50 | 10 | — | Cone All | — | — | Cone} All |10S0.| All | All | 10 
Temp, F | RT | RT | BP | IT | RT | IT | BP | RT | RT | AT | RT | RT | RT| AT | RT | BP | BP | BP 
Carbon Steel, | | | | 
Cast Iron. . DIDIE E E Ad A?ic | C JATE D iD E B OD E +8 i¢€ B 
14% Silicon 
Cast Iron.. E A A B C B A C A B A A fh B D A A E B A E 
Stainless 304. . Bi} E> &|B | C | Ad, Dbd At A 1 C 1A | BIB YE E B 6B EF |B | Dba B | 
Stainless 316 A; DE B B Ad Cbd) Ad A B a 4 B D E A B E B Dd | B 
Stainless 20... A |B B B B B B! Ad A A A B D E A |B B 1B iC A 
Aluminum... DIE E Eb | - E E E AIiIB;DI{E E AB B E E E 
Copper...... ELE E E Dic - E E C | A | Ba | C# | C#| E B Bs; Bs |} B 'B B 
Red Brass... ELE E E — C E E C A | Ba} Ce! C#)] E B Bs; —|{B {B B 
Cupro-Nickel. . . E re E E C ~ E E C | A | Bs | C# | C#| E B | Bs 1B iB B 
Silicon Bronze... | E | DE E D §B - E E Bi A;{B {C#!|}C*| E | B |} Bs B iB B 
Aluminum Bronze.| E | E E E D B E E B | A |B | C#| Ce € B | Bs 1B |B B 
Nickel..... Eicic - A B A CiA;BIC IA E B Ca € A IA A 
Monel..... C'iBic A iB A BiA/IB{C IA E B ice; € A IA A 
Inconel. . . Cb | Cb . B 4 C C 4 B C a E B C=; —€ |B A B 
Hastelloy A... B —i{A B A A A - A,B | B B — 
Hastelloy B... B BiksA A |B A'A 'BIiAISAIAIA A |B B |B 
Hastelloy C. C C B AB A A A A A A A UA B B IA A 
Hastelloy D. C C B A B A A A A - A B B B - 
Hastelloy F. B C A A B B | C B 
Hilium.... BC A A B BOA C B 
Stellite 6 ay - - A 
Lead... C iA A B D E E o E B C A AE B B D E 
Titanium A A - A - - A 
re A A A A 
Impregnated 
Graphite...... AIAIAI[AI—/IA [AIAIAIAITAITATELEILBIAILA [CJA LC 
Vinylidene 
Chloride. . Ac | Ac | - Ac| De | — | Aci E E E — |} — | As 
Rubber..... cal Ac | AcE Ac | Ac | Ac | Ac | Be! Acl€ Ac | Ac; E E E A Ac} Ac | Ae 
Glass, Stoneware. .| - AIA IA;iBIiBIA Ai'iA;AIAISAISAIA A'|A;|AsA {CAA E 
Tantalum.........} — | - —{|AIi—{/—IiAJl—JAJL—[AIT—IAITATLAILAIL-S“N ;}—|—-|j-— 
Platinum......... —i|—|-—|A —j|Aj;—|A}=— —i|—;A/si—| —-|{-|- - 





ee eee! te 

















*Solution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 
>Material may be subject to pitting corrosion when in contact with this corrosive. 
¢Material has rating indicated up to the limiting service temperature (150-180 F for rubber; 125-150 F for Saran). 
4 Material is subject to stress corrosion cracking when in contact with this chemical. 


KEY TO 


CONDITIONS | 


AT = All temperatures. 


RT = Room temperature. 


IT = Intermediate temperatures. 


BP = Boiling temperature. 


Cone = Concentrated. 


All = Al) concentrations. 
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Comparisons of Materials 


Corrosion Resistance—continued 











































































Ss 
@ —_ iy rt 
s\s|3 2 2 g | 

Material = = ~is|s o- (<2 | ei. 

+ SIZ(E(SlE/(S/2 S/F lel |s 2is|si|_ | 3 
Sle(2/2)F/2/ 8) SS) s)2/ e132] - £\/oe/o;s\/s/s/e 
= = = = ei & S| 2 2| 2 Lile = s a < = eljel/e\/2z{o 
S/S(Sl/Si/S/Si/S/S1E/5 /F /2/28/F)/5\S/e/elelele2l2 
8/8/8/8/8|S|/5\5/5/5/5)/5)8|8/E|E/E/El/ElElElE 

Conc, %|Conc| All| — | Conc} — | 10 | All Sead a Os Ee ee we EN 

Temp,F) RT) AT) — | RT} AT] RT| IT | — | —| RT) —] AT| BP) — | RT) RT| IT | IT | RT | 350 | 500] RT 

Carbon Steel, | | a at | 
Cast Iron... E;/AILDICICICJE/BIEJ/E/lcA;}E ]E;A!l|B/]B/] BI BIEJE JEJE 
14% Silicon | 

Cast Iron... BiATA;|B/A{A/BiA|}B;/B/iB/IA}|A\/—/|B/] Bj; Bi BIA Aj} alo 
Stainless 304...) D>] A} B/C|/C;/BiE jC |E;}/D/ici/B}]B/A|B]B/ BiB] BIC lE] Ee 
Stainless 316...) D>} A] A| Bi) B/B/E|C |} E|D\C}/A)/B/A}B!]B,/ BI] A}! BB | B/E 
Stainless 20.....) Db}; A} A} B)| BiB /E C E DIBA A\;A;}Bi;B!;]Bi{A{BIB B | Et 
Aluminum.....JE | A} —|}—|ODJB {iE ;|D)/E|/E;D{c}E};—|}B}B;| BIB] BIC|E]E 
Celeer.......5. E|/A|B{B/]A|B|E |Be| —E};—|E | Bl E B,/B;/B/;/B/C|D|E/E 
Red Brass....... E A|}—|—j|B1B*/E |; Bj E|;—/E Bs | E Bi BiB Bi; C;D|E;E 
Cupro-Nickel.... J} E | A} B] B/]A/Be|/E |Be|/—E}—|\E |Be}E}—|B}B}B|B;|CID|E|E 
Silicon Bronze...J} D | A| B}| B}] B/B |O*}B /E|—\;E /Bs|E}—|Bj\,B|BIB|CIDIEIE 
AluminumBronzel E | A} B/ B]A/IB IE }B | E!]—j/€E | Bs Ej—|eieielelcic |e E 
Nickel.......... E;AI|—/|B/BiIDiC |B/E;C/E |B} D}A}B/]B} BI] B]BIC]EIE 
Monel.......... E;A}|—|B|/B{/C |C |B} E;}B/D/B|c}/A|B}B{BiBjB/BIEIE 
Inconel......... EiA;}|Bi/—|B/iB/c |A}E/]B{iB{B}]D/—!B/B;}B{B] BIBI] BIE 
Hastelloy A..... —|/A/—|}—| Bj —|— —|}—|]A|— Bi}; BiB;]BI|AJA] A] 
Hastelloy B..... —|/A;AI—/| AJA JA ]- -}/ AL —{A | Bi B|BIBIA/JA|A|E 
Hastelloy C...... B{A|A|— AlA |B /A/B/B/B/|A/A\/—|B!|BiB]BIAIA]|A|B 
Hastelloy D..... —|A/}—/]—| BI |B — B);—{A}|—{;—|;}B{B] BB AJA |AJ/E 
Hastelloy F..... —}A}—}—}—-|]—!-—-|;-|-|B|—-|A]|—|—| BIB etevaie 4s - 
Ilium. ......... BiA|B/—/|A/B/—{/E]}E/]BIiD/A/!B 'B}/B/B|B/]A/A|BIE 
Stellite 6 Bi} A{/—}/—|—|-|-— oo 7 —|B{}B|B |B | A|B |B 

nibs sins ElT—|}—|A/A/ID/IEJA/E/]|BIAJA/A/]A|B|BIi BI BJEJE]E]D 
Vienlom.......J A | —|—|—|A;[—|—-|E€ | A; AIA TB | — Bi BIA eS es 
_ as —|}—j|/A/—| AIA JAJA; AI—|—-/|B}BI|—|A]A]A JAJA |A]- 
impregnated | | | 

Graphite... ... A}—|—|—|A/IA JAJA |A/A/DIJA/}A/A/BI]BI]BI]A}AJA]TAIA 
Vinylidene | | 

Chloride. ..... AJ—|AI—| AJA — —{|—j|}—|;/—|—j|—|—|—|E]B] ATE l—|A 
Rubber......... lieth ee ete lend leit Lk hal Te here | 81 | =| bl 
Glass,Stoneware |} A | A} A|—| AJA /A | A | pajala A/AITAITATAJTAITAITAIATAIA 
Tantalum....... Bim}; AI—|AIA ITA ITAL AIL—J|AJSTA];TBIL—|]ALATAT—J|—j}]—]—-] 8B 
Platinum........ —i—{|;A/;l—|—JA i Be Bes Salt Soe Bes —|AIA | Doe ee —|-|- 






































*Solution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 


>Material may be subject to pitting corrosion when in contact with this corrosive. 


Material has rating indicated up to the limiting service temperature (150-180 F for rubber; 125-150 F for Saran). 
4 Material is subject to stress corrosion cracking when in contact with this corrosive. 


KEY TO 
RATINGS 


24 -¢ 


A = Material is entirely suitable for the service indicated; the anticipated corrosion is almost negligible. 


B = Material is suitable for the service indicated; corrosion is usually less than \@ in. penetration per year. 
C = Material is acceptable for some services; corrosion is usually less than 1% in. penetration per year. 
D = Acceptability of material is questionable; corrosion is usually excessive and material should not be used without prior corrosion 


testing under actual service conditions. 





Vt 


MATERIALS IN DESIGN ENGINEERING 


Formerly Ma 


E = Material is not acceptable; corrosion is excessive. 











Corrosion Resistance—continued 





Material 
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Conc, % 
Temp, F 


Ferric Sulfate 
Ferrous Sulfate 
Fluorine (wet) 
Hydrofluoric Acid 
Hydrogen Peroxide 


Hydrogen 





| Fluorine (dry) 

| Formaldehyde 

| Hydrobromic Acid 

| Hydrogen Sulfide (dry) 
| Hydrogen Sulfide (wet) 
| lodine (dry) 
| lodine (wet) 
| Magnesium Chloride 


| Lactic Acid 


| Glycerine 
| Hydrogen 
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wow . ° 
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Carbon Steel, 
Cast Iron... 
14% Silicon 
Cast Iron 
Stainless 304 
Stainless 316 
Stainless 20 
Aluminum 
Copper.... 
Red Brass.... 
Cupro-Nickel. . . 
Silicon Bronze. . 
Aluminum Bronze 
Nickel. . 
Monel.... 
Inconel... 
Hastelloy A. 
Hastelloy B 
Hastelloy C 
Hastelloy D 
Hastelloy f 
Ilium... 
Stellite 6 
Lead. 
Titanium 
Silver 
impregnated 
Graphite. .. 
Vinylidene 
Chloride..... 
Rubber........ 
Glass, Stoneware 
Tantalum...... 
Platinum. ....... 
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*Solution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 
‘Material may be subject to pitting corrosion when in contact with this corrosive. 
{Material is subject to stress corrosion cracking when in contact with this chemical. 
«Material meets this rating only when corrosive is aerated with oxygen or air. 


KEY TO 
CONDITIONS 





{Material may discolor the chemica 


AT = All temperatures. BP = Boiling temperature. Cone = Concentrated. 


RT = Room temperature. IT = Intermediate temperatures. All = All concentrations. 
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Comparisons of Materials 


Corrosion Resistance—continued 






















® 3 
s @ a 5 S/8/ 2 = | = \s : 3 
oe ie) ee ‘ e) 2/8 |2£/2/8]/3/2/2) 5/5 
2 [S| 2 2|3|2 5/5/55 e/2|8/8|5/2/2 
= a ae oe r <= |= /|fHl/E,/S531/B | SIELELEILELE LE 
3 eis 2/2 So Si /2if)/3/2)/2)/2/58/5)/2/2/2)/2 
= is i/s/5 =Sis| > > o|S]|s S Zl /Sl(SBISILBELBSBILS SS 
= }=iziz2/2/6/ 6S 6S |}€\<it el/el/e2l/AlA/4A18/38|3 
Conc, % | 10 ' 10 | 30 | 50 | All | — | All| 10 | 85 | 0-50; 10 — | 30 | 50 
Temp, F | RT | 150| BP | BP | AT |<1000} > 1000 AT | 212; RT | 100 | 150 | RT | 
Carbon Steel, | | | 
Cast Iron.....| E cre £4 TE 78 A — |Cfi/E EC Bd | C E |B ;B 
14% Silicon 
Cast Iron.....) B -|B |B |A |A {8B A — |A \C C B E B B B |B E 
Stainless 304...) E |B | E D | Be | Be| B A A |B | Be! Be! Bb} Ba BY |B B {| Bb! A 
Stainless 316...) E | —|E | B | Be| Be/ A A A |B | Be | Be| Bb! Ba) B | Bij BiB/{A 
Stainless 20. .. E;— iE A |} Ce/CelA i) 4 B | Be| Be| B Ba | B B BiB ; 
Aluminum. . MICE TS FETE TEP AL = Pee 8 lei!) te El E|DIL E/E 
Copper. . E;E |};E | Bs;E /€E | Bs A C | Bs | Bs; B C B Bs» | BB BiB 
Red Brass... Ei;E ;E |} Bei—E };E|—| A C | Bs | Bs; B B 1'B;B/]B{C 
Cupro-Nickel...] E | & | E€ | B*|E— | E | Bs| A Cc | B=|Be/B |B |B 1B|B | B/B 
Silicon Bronze...) E | —E | — | Be; E/E | B A B | Bs Bs' B C B | |B |B BE : 
AluminumBronzey E | E | E | Be | E |} E | Bs! A - B | B=; Bs|B 'C | B BiB | B/B 
Nickel. .. C | Ba Storr re Te FC A A B | C=#;C*|A A B BiBiA/A 
Monel. .. E | B4| Be} Be/E JE |B | A | — |B | Be} Be} A |A | A BIB jA/A 
Inconel... E;/BJE | BIE JE |;A!| A A \}B }B iB} Ab; B } BY /'B;iB =A'A 
Hastelloy A —iB i }|A{|;—|;—|-|8 A A |B B j— BiBij-—-|- 
Hastelloy B —I|BIiA|- - |B A A BB B B B B BB AA 
Hastelloy C BiB BC E B a a B B B BiB 
Hastelloy D. — |B B A A B B BiB 
Hastelloy F | B -|\E JE /B| A A |B /B |B B B A A 
lium. . | B Bs | E E B - a BiB sB | B Bie A \A 
Stellite 6 cl Pew —{|B |B /B 4 o Bi -— — BiB 
Lead. . Ci;E s ye Fé E - — C 1B /B E E |B Be: 
Titanium a BiBisC A B B B A B |B 
Silver..... — | E E A A B |B B 
impregnated 
Graphite. A 'C A A iA A B A D 
Vinylidene 
Chioride...... — | A HA — - AiAIA 
Rubber......... A A \A A |A ;A|AIAJAIA 
Glass, Stoneware A | - A|AIAJE JA|AIAJESE 
Tantalum. — — —|}—-|' —|{|-—- —|AIA - 
Platinum.........§— | —|—| — — —|-— —|- |}—|— - 











sSolution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 


>Material may be subject to pitting corrosion when in contact with this corrosive. 


¢Material has rating indicated up to the limiting service temperature (150-180 F for rubber; 125-150 F for Saran). 


4Material is subject to stress corrosion cracking when in contact with this chemical. 


KEY TO 
RATINGS 








testing under actual service conditions. 





e Material is subject to intergranular corrosion when in contact with this corrosive. 
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‘Material may discolor the chemical. 


A = Material is entirely suitable for the service indicated; the anticipated corrosion is almost negligible 
B = Material is suitable for the service indicated; corrosion is usually less than 4 in. penetration per year. 

C = Material is acceptable for some services; corrosion is usually less than 4% in. penetration per year. 

D = Acceptability of material is questionable; corrosion is usually excessive and material should not be used without prior corrosion 
E = Material is not acceptable; corrosion is excessive. 


| Sodium Hydroxide 
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Corrosion Resistance—concluded 




















2 ala 
S | 2 elo 
2 on 4 = @ > | S = 
S$\ 2 | 2 | = s sisics =) = a=) 3 > a @ 
Material | >|F/£12/3)| 5 Siei2i212)\ 21% S\3/3/3 
+ = elelele = _ S;e\;e!;2i ez 2 s\|= = sisi=z 
2B i 5/58 8/15 /\z S sis/|s I) = sis iSlielselis!° 
3/3/38 8/3/|5)|5 Si\Si/S/5/5/5 1/5/35 /5\/2/2)\2 
Conc, % | 30 | 10 ; 20 | 10 Molten — | 10 |20-50/50-70\70 100) — | | 10 
Temp, F RT | RT | RT| RT 260 RT| RT | RT | ORT | RT | 150 
Carbon Steel, 
Cast Iron. —E }B4; BC E B B ee : E E B DIE Ch | C! 
14% Silicon | | | 
Cast Iron. . BiA!B A;E JE —i—;—/;E/E B A AE B |Bo| — 
Stainless 304...) Db | A | B | Bs B.C Bb | Bb; Bb| B/E E E E Ei Cc | Bb Ba h 
Stainless 316 Chi B}Bi;iBi!B!B B B |B |B! B | - —- C | B B iB 
Stainless 20 Cc iB |}B:!iBi!iBi—|{B B |B !BiB B B B BiA B IB 
Aluminum. E B E Ai;—j/E B B |B} B/!B E E E Bie Bb iE Bb 
Copper. ... E ic }B!B]B E Pe tei C= £ Eici{oD B iE \E 
Red Brass... E C BbeA. B E E E BLE C7 CE E C E BiE E 
Cupro-Nickel....]} E | C B!B.B E E E BUE C* €£ E;c;—} BE E 
Silicon Bronze...| C | C | B BB C Ei\EIBIE C+ CE E ci —] iB UE E 
AluminumBronze} E | C | B | BB E E E Bi E C> E E Ci —| B UE E 
Nickel. ... Ei'|B;B;:iA'!— Bs E BLE E E E D |B A B 
Monel. . . Ei'|B;B Aj; B Bs E BLE Bs CE E E B A B 
Inconel. . . —E |B I A | — Bs Bs BIE E E Ei Di8B A C 
Hastelloy A. ~- B Be | - : —j}- A - 
Hastelloy B. — B Be A B B | A B 
Hastelloy C B B B B B A - 
Hastelloy D B A B B B 
Hastelloy F 
lium. . A B B B 
Stellite 6 - - 
Lead... E B A A B | E E E C 
Titanium. A D E E A 
impregnated 
Graphite E A A B E 
Vinylidene 
Chloride B A - D A 
Rubber. . A |B E E,E A\E|EIA A \E A 
Glass,Stoneware.| A | A A A A A A A E 
Tantalum. A iA | - - - - 
Platinum -|—|- — B B B 








*Solution must be air-free. Material is subject to excessive corrosion when solution is aerated with oxygen or air. 


>Material may be subject to pitting corrosion when in contact with this corrosive. 
4Material is subject to stress corrosion cracking when in contact with this chemical. 


«Material meets this rating only when corrosive is aerated with oxygen or air. 


bMaterial has this rating only when corrosive is dry. Traces of moisture may make material unsuitable. 
KEY TO | AT = All temperatures. BP = Boiling temperature Cone 
CONDITIONS | RT = Room temperature. IT = Intermediate temperatures. All 





{Material may discolor the chemical. 


Concentrated. 


= All concentrations. 
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Comparisons of Materials 


Effect of Radiation on Metals 


EFFECT ON HARDNESS 





Material 
| 


Type 





Condition | 


| Radiation 


Initia | E*Posures 


Brinell 
Hardness 





Change in 
Brinell 
Hardness 


Material 


OO LQG 


Type Condition 


initial 
Brinell 
Hardness 





Radiation 
Exposure 


Change in 
Brinell 
Hardness 





CARBON STEELS 





| 
| 
| Annealed 


Malcomized 





656 | 
688 
739 








Hardened 


Annealed 
Hardened 


277 
371 


+84 
0 
0 








Annealed 
Hardened 





Annealed 








Hardened 





Annealed 
Hardened 


Hardened 


945 





46] 
388 





Malcomized 
| 





| Annealed 
| Hardened 








Annealed 
Hardened 





Annealed 
Hardened 





Annealed 
Hardened 


| Annealed 


17-4PH Hardened 


— 


| 


977 





185 
200 ’ 


315 | 





415 | 





403 
a7 | 





| Malcomized 


740 | 











Annealed 
Hardened 


Annealed 


1141 | Hardened 








NICKEL AND ITS ALLOYS 





Nickel A 





STAINLESS STEELS 





Annealed 


304 Malcomized 


Annealed 





Cast 





Hastelloy C 
Wrought 











Annealed 





Annealed 


Annealed 

















Annealed 
Cold Worked 





Annealed 


0 


As Received 








K Monel 
Annealed 
Hardened 

















Annealed 
Annealed 
Malcomized | 


152 
183 
656 


0 
0 
0 


Inconel As Received 








347 (Cb+-Ta) 


Annealed 
Shot Peened 


153 . 





153 


+22 
+15 


Inconel X Annealed 




















7 = nvt of 10!* slow; dry exposure. 

8 = nvt of 5 x 10!* slow and 4 x 10!9 fast. 

9 = nvt of 4.4 x 10!9 slow in 540 F flowing water. 
10 = nvt of 1 x 10"* slow in 400-500 F flowing water. 
11 = nvt of 4 x 10!® slow and 5 x 10! fast. 
12 = nvt of 5 x 10!* slow and 4 x 10!9 fast at 70-140 F. 
18 = nvt of 4 x 10!* slow in 540 F flowing water. 


*Decrease in hardness due to corrosion products caused by leaking container. 


* 1 = nvt (integrated thermal flux-product of flux and exposure time) 
of 1 x 10!9 slow at 450-500 F. 
2 = nvt of 2 x 10!9 slow and 7 x 10!8 fast at 70-140 F. 
3 = nvt of 3 x 102° slow and 1 x 10° fast at 70-80 F. 
4 = nvt of 1.2 x 10'* slow in 400-500 F flowing water. 
5 = nvt of 3.7 x 102° slow and 5.1 x 102° fast at 70-80 F. 
6 = nvt of 3 x 10! slow in 540 F flowing water. 


>’No explanation for decrease in hardness values. 
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EFFECT ON TENSILE PROPERTIES 








Chg in Properties 




































































Material | Radia- | After Irradiation 
i eae. . a a 
| Ex: 
| Ten | Elong | posures} Ten Elong, 
Type | Condition Str, | (2 in.), Str, % 
| | 1000 psi} % 1000 psi 
STAINLESS STEELS 
304 | Annealed b | 92 71 l +1 —2] 
309 | Annealed >| 95 | 54 1 +4 —3 
316 | Annealed * 90 70 1 —] —3 
347 Annealed ¢ 99 | 56 1 +4 | -2 
316 Annealed ©° 79 — 2 +7] — 
410 Malcomized ° 69 -- 3 +3 ~ 
440c | Hardened 49°, 205 | — 3 43 | = 
NICKEL AND ITS ALLOYS 
Nickel | Wrought »| 65 45 +4 «4 
4 mi = 1 4 +4 — 
Monel As Received ¢ 8 6 6|—l32 | +5 —3 
85 33 «| 5 1] —23 
¢ 210 ~ 4 —15 — 
e 125 10 +8 +9 
K Monel As Received es 
d 211 -- 5 +15 — 
€ 123 | ll +11 —8 
da; 150 wm T 4 +10 _ 
e/| 107 30 +6 —] 
Inconel As Received + -— — —-—_— | —_ - ——- 
d 151 ; +21 - 
e 106 31 +10 —?2 
‘mi. p +24 ~ 
e 128 | 36 +1] - 
Inconel X | As Received |————/———— --— |[-- -—— —- 
| 4 174 - 5 +29 - 
e 126 37 +7 -}4 
Cast e| 80 >. EG i 
b; 139 53 1 +3 —11 
4 198 ~- 4 —] _- 
Hastelloy C | Wrought e 140 20 4 —3 +16 
138 20 5 +4 —8 
| ‘wm | = 42 | = 
HIGH DENSITY MATERIALS 
Tantalloy | 136 29 6 +29 | —15 
Tungsten , 152 0 6 —35 0 
Tantalum | AS Received 6 | 21 6 | +18 | —4 
Tantung G 72 5 6 —3 —1 








*] = nvt of 1 x 10!* slow in 400-500 F flowing water. 

2 = nvt of 3.7 x 10** slow and 5.1 x 10? fast at 70-80 F. 
8 = nvt of 4 x 10! fast. 

4 = nvt of 4 x 10!* slow in 540 F flowing water. 


5 = nvt of 5 x 10!* slow and 4 x 10'* fast in cooling water at 70-140 F. 


6 = nvt of 1 x 10!9 slow and 5 x 10!* fast (estimated). 
>Flat specimens. eSubsize round specimens. 
¢Unnotched specimens. 


4Notched specimens. 


EFFECT ON DENSITY: 











Material 
Poe r Avg Chg in Density 
| After Irradiation, % 
Type | Initial Density, 
Ib /in. 

Stainless Steels | 

Sata cthawaes | 7.995 — 0.06 

eee —0.09 

347+-Ta....... | 7.942... —0.04 

ae | 7.675... —0.05 
Nickel A......... | 8.894 —0.07 
I dis a ditaied-0 8.836 —0.05 
Cobalt Alloys 

Stellite 3....... .) Seer +0.06 

Stellite 6.......| 8.330. +0.11 
Carbon Steel 

GRAZED. 00000) 200... 0 





*Radiation exposure: nvt of 2 x 102° slow and 3.5 x 101% 
fast at 70-140 F. 


EFFECT ON ELECTRICAL RESISTIVITY 








Material Avg Chg in 
Pe ee ee Elec Res 
After Irradiation 
Type | Initial Elec Res 
Stainless Steels | 
ae 80 (28.0 C)... +0.2 (27.8 C) 
ae ..| 79 (27.5C)....) —2.1 (27.0 C) 
oe 77 (28.4 C)... +1.01 (28.4 C) 
ae Mei | 75 (26.2 C)... +0.44 (27.3 C) 
Nickel A.........| 9(27.0C)....) —0.17 (27.2 C) 
Hastelloy C....... | 126 (26.2 C)....) -+7.30 (27.8 C) 
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Some Notes on the Data Section 


What the Data Mean: With the exception of 
Section 7, the Properties of Materials sections 
consist entirely of tabular data on the properties, 
forms and uses of engineering materials. 

Tabular data on properties generally represent 
average values or ranges obtained from many 
different sources and suppliers. A range of values 
may indicate either the normal variation en- 
countered in that particular test, or the differ- 
ences attributable to variations in the compo- 
sition, temper, heat treatment, form or other 
condition of the material. Where a value or range 
applies only to a particular condition of the ma- 
terial, the condition is stated. Unless otherwise 
indicated, properties of metals apply to wrought 
forms and properties of nonmetallics apply to 
molded forms. 

Available forms listed in these sections are the 
most important forms that are readily available 


only typical and are not intended to be exhaustiy 

These data have a limited purpose. Space dos 
not permit a complete description of the materia! 
and test conditions to which the data apply; hence: 
these data cannot be used directly for final cd 
signs. They are intended solely to aid in the im 
portant job of materials selection. 


Sources of the Data: Many of these com. 
pilations are entirely new. Others have been 
published previously in this magazine, particu- 
larly as File Facts. Most of the older compila- 
tions have been revised to a greater or lesser 
extent. 

Collecting new data and up-dating old com- 
pilations required the aid of several hundred 
individuals and organizations. We gratefully 
acknowledge their assistance. Although it would 
be impractical to list all who contributed in one 
way or another, we acknowledge particularly the 





commercially. 


Acme Resin Corp. 

Acushnet Process Co. 

Aircraft Specialties Co., Inc. 
Strux Div. 

Allied Chemical & Dye Corp., 
Barrett Div. 

Allied Chemical & Dye Corp., 
Semet Solvay Petrochemical 
Div. 

Alloy Casting Inst. 

Aluminum Assn. 

Aluminum Co. of America 

American Cyanamid Co., Plastics 
& Resins Div. 

American Die Casting Inst. 

American 'Foundrymen’s Assn. 

American Hard Rubber Co. 

American Iron & Steel Inst. 

American Lava Corp. 

American Magnesium Corp. 

American Metal Co., Ltd. 

American Smelting & Refining 
Co. 

American Society for Testing 
Materials 

American Welding Society 

American Zinc Inst. 

Armco Steel Co. 

Battelle Memorial Inst. 

Belding Corticelli Industries 

Beryllium Corp. 

Bethlehem Steel Co. 

Blaw-Knox Co., Chemical Plants 
Div. 

Bliss & Laughlin, Inc. 

Bopp, C. D. 

Borg-Warner Corp., Marbon 
Chemical Div. 

Brass & Bronze Ingot Inst. 

Cadillac Plastic & Chemical Co. 

Carborundum Co., Stupakoff Div. 

Carnegie-Illinois Steel Corp. 

Catalin Corp. of America 

Celanese Corp. of America 


Uses listed 


in these sections are 


Ciba Co., Inc., Plastics Div. 

Cincinnati Milling Machine Co 

Copper & Brass Research Assn. 

Corning Glass Works 

Crest Chemical Industries 

D & R Pilot Plants, Inc 

Dayton Rubber Co. 

De Bell & Richardson, Inc 

Dow Chemical Co., Magnesium 
Div. 

Dow Chemical Co., Plastics Dept 

Dow Corning Corp. 

Drop Forging Assn. 

du Pont de Nemours, E. I. & Co., 
Elastomer Chemicals Dept. 

du Pont de Nemours, E. I. & Co., 
Electrochemicals Dept. 

du Pont de Nemours, E. I. & Co., 
Polychemicals Dept. 

East Coast Aeronautics, Inc 

Eastman Kodak Co., Eastman 
Chemical Products, Inc. 

Electrochemical Society 

Emerson & Cuming, Inc. 

Enjay Co., Inc. 

Eutectic Welding Alloys Corp. 

Fansteel Metallurgical Corp. 

Felt Assn. 

Firestone Plastics Co., Chemical 
Sales Div. 

Formed Steel Tube Inst. 

General Electric Co., Chemical 
Materials Dept. 

General Electric Co., Plastics 
Dept. 

General Electric Co., Silicone 
Products Dept. 

General Tire & Rubber Co. 

Glastic Corp. 

Globe-Union, Inc., Centralab 
Div. 

Goodrich, B. F. Chemical Co. 

Goodyear Tire & Rubber Co., 
Chemicals Div. 

Goshen Rubber Co., Inc. 


assistance of the following: 


Grace, W. R. & Co., Polyme: 
Chemicals Div. 

Gray Iron Founders’ Society 

Greer Industries, Inc. 

Hanson-Van Winkle-Munning Cc 

Harshaw Chemical Co. 

Hercules Powder Co., Cellulose 
Products Dept. 

Hooker Electrochemical Co., 
Durez Plastics Div. 

Hydropress, Inc. 

International Nickel Co. 

Investment Casting Inst. 

Kaiser Aluminum & Chemica 
Corp. 

Koppers Co., Inc., Chemical Div 

Landau, J. Co. 

Latrobe Steel Co. 

Lead Industries Assn. 

Lincoln Electric Co. 

Magnesium Assn 

Malleable Founders Society 

Mallory-Sharon Titanium Corp 

Manufacturing Chemists’ Assn. 

Martin Co. 

McDanel Refractory Porcelain Cc 

McPherson, John L. 

Meehanite Metal Corp. 

Metal Powder Assn. 

Metal & Thermit Corp. 

Minnesota Mining & Mfg. Corp 

Mobay Chemical Co. 

Monarch Machine Tool Co. 

Monsanto Chemical Co., Plastics 
Div. 

National Carbon Co. 

National Screw Machine Products 
Assn. 

New Jersey Zinc Co. 

Ney, J. M. Co. 

Nopco Chemical Co., Plastics 
Div. 

Oak Ridge National Laboratories 

National Paint, Varnish & Lac- 
quer Assn. 


Peiron Corp 

Penn Precision Products, Inc. 

Phillips Petroleum Co. 

Phillips Chemical Co., Rubber 
Chemicals Div. 

Polymer Corp., Ltd. 

Porcelain Enamel Inst. 

Reichhold Chemicals, Inc. 

Rem-Cru Titanium, Inc. 

Republic Steel Corp. 

Resistoflex Corp. 

Reynolds Metals Co 

Rezolin, Inc. 

Richardson Co. 

Rolled Alloys, Inc. 

Rubber Manufacturers’ Assn 

Sisman, 0. 

Society of Automotive Engineers 

Society of the Plastics Industry 

Spencer Chemical Co. 

Spincraft, Inc. 

Star Porcelain Co. 

Steel Founders’ Society of 
America 

Strux Corp. 

Thiokol Chemical Corp. 

Tin Research Inst., Inc. 

Titanium Metals Corp. of Amer- 
ica 

Union Carbide Corp., Bakelite 
Co. 

Union Carbide Corp., Nationa 
Carbon Div. 

Union Carbide Corp., Silicones 
Div. 

U.S. Ceramic Tile Co., Diamonite 
Products Div. 

U.S. Dept. of Agriculture 

U.S. Graphite Co. 

U.S. Industrial Chemicals Co. 

U.S. Rubber Co., Naugatuck 
Chemical Div. 

Van der Horst Corp. 

Welding Research Council 

Westinghouse Electric Corp. 





Corrections and additions: In compiling a data section of this nature it is impossible to avoid 
errors. Also, space and time limitations prohibited us from making this section as complete as we 
wish to make it. We will welcome your corrections and additions for future editions. Please address 
them to Data Editor, MATERIALS IN DESIGN ENGINEERING, 430 Park Ave., New York 22, N.Y. 
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Pearlitic Malleable Iron. Albion 
Malleable Iron Co., 23 pp, illus. In- 
formation on metallurgical charac- 
teristics of pearlitic malleable. (1) 


Leaded Steel. Alco Products, Inc., 
illus., 8 pp. Facts about leaded steel 
for seamless forged and rolled 
rings. Physical property data on 
11 grades and section sizes of Alco 
Hi-Qua-Led steel are included. (2) 


Stainless Steel Strip. Allegheny 
Ludlum Steel Corp., 32 pp, illus. 
Contains more than 20 tables list- 
ing data on types of stainless steel 
strip and sheet, corrosion resist- 
ance, fabrication properties and 
weights. Discusses applications in 
the automotive, food processing, 
dairy and textile industries. (3) 


Prefinished Metals. American 
Nickeloid Co., 24 pp, illus. Describes 
fabrication, uses and properties of 
prefinished metals. (4) 


Stainless Steel. Armco Steel 
Corp., 24 pp, illus. Describes 45 
types of stainless steel bar and 
wire, including several special pro- 
prietary grades. Information on 
advantages, properties, fabrication, 
electropolishing and ebonizing. (5) 


Spring Steels. Associated Spring 
Corp., 48 pp, illus. Characteristics 
and uses of spring steels, types 
available, and specifications. Charts 
correlate thickness and _ tensile 
strength for three ranges of hard- 
ness. (6) 


Low Alloy Steel. Bethlehem Steel 
Co., 66 pp, illus., No. 358. Proper- 
ties of Mayari-R steel, used in 
applications requiring high strength 
and good wear and corrosion re- 
sistance. (7) 


Bar Steels. Bliss & Laughlin, Inc., 
4 pp, illus., No. 55. How Strain- 
Tempered bar steels improve prod- 
ucts and reduce costs. Typical ap- 
plications: shift spur gears and 
main drive splines. (8) 


Tool, Die Steels. Cannon-Muske- 
gon, Inc., 13 pp, Rev. No. 27. Tech- 
nical data sheets give compositions 
of tool and die steels; physical 
property, forging and heat treat- 
ing data on various tool steels; and 
information on a group of shock 
resisting, hot work, high speed and 


SUPPLIERS’ LITERATURE 


lrons and Steels 


special purpose steels. Standard 
designations included. (9) 


Stainless Steels. Carpenter Steel 
Co. A pocket-size chart on machin- 
ing stainless steels. Gives data on 
turning, drilling, tapping, thread- 
ing, milling and reaming operations. 
Also shows relative workability of 
stainless steels in deep drawing and 
stamping operations. (10) 


Lead Treated Steel. Copperweld 
Steel Co., Steel Div., 8 pp, illus. 
Mechanical properties and applica- 
tions of lead treated steels. (11) 


Stainless Steel. Crucible Steel 
Co. of America, 16 pp, illus. An- 
nealing, hardening and tempering 
temperatures and _ representative 
physical properties for austenitic, 
ferritic and martensitic stainless 
steels. Also discusses pickling and 
scale removal. (12) 


Stainless Steel. Electric Steel 
Foundry Co., 12 pp, illus., No. 5. 
Mechanical properties of cast and 
wrought stainless steels after pre- 
cipitation hardening heat treat- 
ments at temperatures from 800 to 
1200 F. (13) 


High Strength Steels. Interna- 
tional Nickel Co., Inc., 29 pp, illus. 
How strength levels of 4340 nickel- 
chromium-molybdenum alloy steel 
can be increased. Test results show 
effects of lower tempering tempera- 
tures and other variations. (14) 


Steelmaking. Jones & Laughlin 
Steel Corp., Stainless Steel Div., 12 
pp, illus. Color photographs illus- 
trate the various steps in the steel- 
making process. (15) 


Precipitation Hardening Steels. 
Latrobe Steel Co., 6 pp, illus, Prop- 
erties of Cascade precipitation 
hardening die steel for plastics 
molds, zinc die casting dies and 
holding blocks. (17) 


Steel Strip. Weirton Steel Co., 
Div. of National Steel Corp., 12 pp, 
illus. Characteristics of electrolytic 
zine coated sheet and strip. How 
this material can be used for both 
decorative and functional applica- 
tions. (18) 


Precoated Strip. Thomas Strip 
Div., Pittsburgh Steel Co., 18 pp, 
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illus. Discusses strip steel coated 
with zinc, copper, brass, lead alloy, 
nickel or chromium, with or with- 
out rolled-in patterns. (19) 


Tool Steel. Vulcan Crucible Stee] 
Co., Div. of H. K. Porter Co., Inc. 
Chart showing more than 300 vari- 
eties of tool steel offered by 12 
producers. (20) 


Tool Steel. Joseph T. Ryerson & 
Son, Inc., 4 pp, illus. Discusses wear 
resistance, cost savings, color iden- 
tification, machinability, forging, 
annealing, hardening and temper- 
ing of Ry-Alloy, an oil hardening 
tool steel supplied in rounds, 
squares and flats for applications 
such as arbors, clutch dogs, thrust 
washers and trimming dies. (22) 


Spring Steels. Sandvik Steel, 
Inc., 6 pp, illus. Lists applications, 
finishes, sizes and chemical compo- 
sitions of a line of spring steels. 
Briefly describes how spring steels 
are made. (23) 


Zinc Coated Steel. Sharon Steel 
Corp., 12 pp, illus. Discusses weld- 
ing, soldering, cold forming, clean- 
ing and storage of Galvanite zinc 
coated steel. Shows applications 
and gives dimensional data. (24) 


Stainless Strip. Superior Steel 
Corp., 32 pp, illus. Technica] in- 
formation on 20 types of stainless 
strip steel. (25) 


Hard Precision Steel Rods. 
Thomson Industries, Inc., 5 pp, 
illus. Explains advantages of “60 
Case” hardened and ground mate- 
rial (AISI 1060) for shafting, rolls 
and guide rods. (26) 


Constructional Steel. United 
States Steel Corp., 4 pp. Lists 
available forms, sizes, chemical com- 
position and mechanical properties 
of T1, a low carbon, quenched and 
tempered alloy steel. (27) 


Stainless Steel Tubing. Walling- 
ford Steel Co., 8 pp, illus. Describes 
stainless, carbon and alloy steel 
tubing for ornamental, mechanical, 
pressure and aircraft use. (30) 


Stainless Steel Sheet. Washing- 
ton Steel Corp., 12 pp, illus. Care 
and use of type 430 MicroRold 
stainless steel sheet. Physical prop- 
erties, fabrication and uses. (381) 
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Properties of Materials ¢ IRONS AND STEELS 


Gray Irons 





20 | 25 | 30 





PHYSICAL PROPERTIES 
Density, Ib/cu in 
Thermal Conductivity (212 F), — sq ft/°F/ft 
Coef of Ther Exp (32-212 F), per °F. . ’ 
Magnetic Properties 
Electrical Resistivity (68 F), microhm-cm 





MECHANICAL PROPERTIES» 
Modulus of Elasticity in Tension, psi°........... 
Tensile Strength (as cast), 1000 psi............. | 
Transverse Strength (as cast), 1000 Ib¢......... 
Deflection (as cast), in.?.................. 
Modulus of Rupture (as cast), 1000 psi 
Hardness (Brinell, as cast)® 
Fatigue Strength (endurance limit, as cast), 1000 psi. 
Compressive Strength (as cast), 1000 psi« 
Shear Strength (as cast), 1000 ye. 





FABRICATING PROPERTIES 


JOINING 





CORROSION RESISTANCE 


0.26 0.26 | 0.26 
24-34 24-34 24-34 
6 x 10-6 6 x 10-6 6 x 10-* 
__ Magnetic Magnetic Magnetic 


Varies from 50 10 to 200 depending on composition 








] 
} 


| | 
13, 12, 9 x 106 14, 13, 11.5x 10° | 16, 15, 13.5 x 108 


24-29, 20-24, 15-19 | 27-33, 25-30, 20-24 | 35-40, 30-34, 20-24 
1, 2,5.2 1.29, 2.1, 9.5 1.4, 2.2, 7.3 
0.14,0.25,0.25 | 0.17,0.27,030 | 0.16, 0.28, 0.31 
50, 53, 40 | 57, 56, 42 63, 58, 56 
200, 180, 170 205, 190, 175 210, 200, 180 
—, 10,— —, 12.5,— —, 14.5, — 
100, 95, 90 | —, 100, — , 115, - 
—, 32, — | —,3/,— | —, 44, - 





Gray cast iron, having a ferrite matrix in which graphite flakes are 
dispersed, has a machinability rating of 110. When a cast iron 
microstructure shows alloy segregation, free carbides, steadite 
and free pearlite, machinability is reduced and may be as low as 
40. Some castings show several structures due to cooling rate 
and section size 

Can be joined by gas welding; shielded metal-arc welding using 
special electrodes; carbon arc welding. Preheating necessary 
Can be brazed with nonferrous filler metal 





More resistant to some e types of corrosion n than carbon and low 
alloy steels, possibly because of graphite; cast iron soil pipe 
usually lasts longer than steel pipe, for example. Gray irons are 
resistant to strong sulfuric acid, cold concentrated phosphoric and 
nitric acids; attacked by dilute sulfuric, phosphoric and_ nitric 
acids. Resistant to many alkalis including sodium hydroxide, 
soda ash and ammonia 





Machine bases, | Similar to class | Light brake drums, 
grates, housings, | 20 where higher | clutch plates, cylin 
ornamental castings, | strength is required | der blocks, liners, 
sanitary wear, piston | impellers, pipe and 
rings, pipe and fit- | fittings, grate bars 
tings machine parts 





*Specified min tensile strength, 1000 psi, ASTM A 48-48. 


bThree values are given for light, medium and heavy sections, respectively. 


cAt ™% transverse load. 


dBar diameters 0.875, 1.2 and 2.0 in., respectively. Distance between supports 12, 18 and 24 in., respectively. 


eConsiderably wider range obtainable by heat treatment. 


fAbout 40% of tensile strength appears to be safe level for endurance limit. 
gIn general. compressive strength is three to five times tensile strength. 
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Gray lrons—concluded 





35 40 50 | 60 





Class* »> 
PHYSICAL PROPERTIES 
MIO iS ks cccddvisagescovsns 0.26 0.26 0.26 0.26 
Ther Cond (212 F), Btu//hr/sq ft/°F /ft.... 24-34 24-34 24-34 24-34 
Coef of Ther Exp (32-212 F), per °F 6 x 106 6 x 106 6 x 106 6 x 106 
Magnetic Properties....... Ns xed Gael Magnetic | Magnetic Magnetic Magnetic 


Elec Res (68 F), microhm-cm... 





MECHANICAL PROPERTIES» 
Mod of Elast in Tension’, psi........... 
Ten Str (as cast), 1000 psi....... : 
Transverse Str (as cast), 1000 Ib?. 
Deflection (as cast), in.¢............. 
Mod of Rupture (as cast), 1000 psi.. 
Hardness (Brinell, as cast)®............... 
Fatigue Str (end. limit, as cast), 1000 psi! 
Compr Str (as cast), 1000 psi« 
Shear Str (as cast), 1000 psi. 





FABRICATING PROPERTIES 





JOINING 


CORROSION RESISTANCE 





Varies from 50 to 200 depending on composition 





17, 16, 14.5 x 106 18, 17, 15.5 x 108 19, 19, 18 x 106 20, 19.5, 19 x 10° 


38-42, 35-40, 25-33 50, 40-48, 33-45 60, 50-57, 52 70, 60-66, 50-75 
1.5, 2.6, 8 1.75, 2.9, 10 2, 3.3, 10.7 2.5, 3.7, 19 
0.17, 0.28 0.16, 0.28, 0.30 0.18, 0.28, 0.30 0.13, 0.34, 0.40 
70, 69, 63 80, 78, 76 91, 88, 82 114, 98, 115 
220, 210, 190 230, 220, 210 260, 240, 230 300, 290, 275 
» 1S, , 2l, - , 29, a 
150, 125, , 143, - , 150, , 170, 
, 43, -.9/, - ,-- 1—)- 


Gray cast iron, having a ferrite matrix in which graphite flakes are dispersed, has a machin- 
ability rating of 110. When a cast iron microstructure shows alloy segregation, free carbides, 
steatite and free pearlite, machinability is reduced and may be as low as 40. Some castings 
show several structures due to cooling rate and section size 








Can be joined by gas welding, shielded metal-arc welding using special electrodes, carbon 
arc welding. Preheating necessary. Can be brazed with nonferrous filler metal 





More resistant to some types of corrosion than carbon and low alloy steels, possibly be- 


cause of graphite; cast iron soil pipe usually lasts longer than steel pipe, for example. 
Gray irons are resistant to strong sulfuric acid, cold concentrated phosphoric and nitric 
acids; and attacked by dilute sulfuric, phosphoric and nitric acids. Resistant to many alkalis 
including sodium hydroxide, soda ash and ammonia 











USES Clutch plates, crank- 
cases, light brake 
drums, liners, sleeves 
cylinder blocks, im- 
pellers, machine | 


components 





Gears, camshafts, 
heads, liners, valves, 
pumps, tube sup- 
ports, dies, wheels 


Gears, valves, heads, | Special brake drums 
blocks, steam pres- | pressure castings 
sure castings, dies, | crusher frames, hot 
compressors, pumps, | forming dies, heavy 


rams | duty gears, hydraulic 
| cylinders 





“Specified min tensile strength, 1000 psi, ASTM A 48-48. 
bThree values are given for light, medium and heavy sections, respectively. 
eAt 1, transverse toad 


dBar diameters 0.875, 1.2 and 2.0 in., respectively. Distance between supports, 12, 18 and 24 in., respectively. 


eConsiderably wider range obtainable by heat treatment. 
fAbout 40% of tensile strength appears to be safe level for endurance limit. 
gIn general, compressive strength is three to five times tensile strength. 
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Nodular or Ductile Irons 





80-60-3 60-45-10 100-75-04* 





COMPOSITION, % T.C. 3.3-3.8, Si 2.0-| T.C. 3.4-4.0, Si 2.0- | T.C. 3.4-3.8, Si 2.0- 
3.0, Mn 0.2-0.5, P| 2.75, Mn 0.2-0.6, P| 2.75, Mn 0.3-0.6, P 
0.06-0.08, Ni 0-1.0, | 0.06-0.08, Ni 0-1.0, | 008 max, Ni 0-2.5, 
Mg 0.02-0.07 Mg 0.02-0.07 Mo.0-1.0,Mg0.02-0.07 





PHYSICAL PROPERTIES 
Density, Ib/cu in 0.257 0.257 0.257 
Melting Temp Range, F 2050-2150 2050-2150 2050-2150 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft 18 20 _ 
Coef of Ther Exp (70-400 F), per °F 6.6 x 10-6 6.6 x 106 6.6 x 10° 
Electrical Resistivity (75 F), microhm-cm 68> — 











MECHANICAL PROPERTIES | 
Modulus of Elasticity in Tension, psi.................... 22-25 x 106 22-25 x 108 22-25 x 10° 
Tensile Strength, 1000 psi 90-110 60-80 100-120 
Yield Strength, 1000 psi 60-75 45-60 75-90 
Elongation (in 2 in.), % 3-10 10-25 6-10 
Hardness (Brinell) 200-270 140-190 200-240 
Impact Strength (Charpy), ft-lb 


Unnotched........... 15-65 60-115 35-50 
NN SEs ies 56 nies, 0/8 2-5 10-15 - 





Fatigue Strength oe Endurance ratio follows pattern of other ferrous materials. For 
soft ferritic materials, notched endurance ratio runs from 50-55%; 
with stronger irons, the ratio drops to 30-40% or lower 

Compressive Strength Ratio of compressive strength to tensile strength is about 2 to 1 





Creep Strength (0.0001%/hr), psi 
80 wer 


19,000 14,000 
1750 4000 
480 550 





THERMAL TREATMENT | 


Ferritic Structure (ferritizing anneal).....................] Heat in 1600-1650 F range, cool to 1300 F, hold 1-3 hr, furnace cool 
to 1100 F, air cool 

Pearlitic-Ferritic Structures....... Lo cceuseaeeeeessef Heat to 1600-1650 F, cool rapidly, reheat at 1100-1300 F 
Pearlitic Structures.................................+.+-1 Normalize by air cooling from 1600-1650 F 

Tempered Structures ..1 Quench from 1400-1650 F depending on composition, temper at 
800-1300 F 


FABRICATING PROPERTIES 
Machinability Depends on structure but has excellent machinability in both 
as-cast and annealed conditions 
Weldability Can be welded by most fusion welding processes. For maximum 
ductility, welding should be done on fully annealed material. 
Composition affects weld quality. A 60 Ni-40% Fe filler wire is best 
for metal arc welding. Can be brazed with the lower melting BAg 
filler metals 





CORROSION RESISTANCE Approx same corrosion resistance as gray irons of similar com- 
position 











Anvils for forging | Valve and pump | Track shoes, brake 
hammers;impellers, | bodies, pipe fittings, | drums, gears, cam- 
levers, cams, crank- | clamps, gear hous- | shafts, pistons 
shafts, dies, jet | ings,tractorandfarm 
engine burner sup- | machine parts 
port rings 














aObtained by heat treatment involving normalizing or quenching and tempering. 
bIron containing 1% silicon. 
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Nodular or Ductile lrons—concluded 





Type =» 120-90-02 | Heat Resistant | Austenitic 





COMPOSITION, % T.C. 3.4-3.8, Si 2.0- |T.C.2.8-3.8, Si2.5-6.0,) T.C. 3.0, Si 2.0- 
2.75, Mn 0.3-0.6, P |Mn0.2-0.6, P0.08 max,| 3.2, Mn 0.8-1.5, P 
0.08 max, Ni 0-2.5, |Ni 0-1.5, Mg 0.02-0.07) 0.02 max, Ni 18-22, 











Mo 0-1.0, Mg 0.02-0.07 | Cr 0-2.5 
PHYSICAL PROPERTIES 
nck wiv nd dvkeneksdk¥aeeuaecneacde 0.257 0.25 | 0.268 
ee rr rae ; 2050-2150 | 2050-2150 2250 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft......... _ | ' 
Coef of Ther Exp (70-400 F), per °F...........00.000... 6.6 x 10-6 | - 10.4 x 10-6 
Elec Res (75 F), microhm-cm.....................0.. ~ | ~ 102 
MECHANICAL PROPERTIES 
Mod of Elast in Tension. psi..............000.00000... 22-25 x 108 22-25 x 10° 18.5 x 106 
Tensile Strength, 1000 psi................. Ded cranes 120-150 60-100 58-68 
Yield Strength, 1000 psi...............0...00000.00.. 90-125 | 45-75 32-38 
Rn sn cvcavedserdencvassesayeees 2-7 0-20 7-40» 
Hardness (Brinell).......... eee reer ey 240-325 140-300 140-200 
Impact Strength (Charpy), ft-lb 
EE er ee ere 25-40 5-115 : 
NEE enc Jas anced tebe sen eieednesaiess ey. zeal _ . 10-28° 
SR cern re ere Endurance ratio follows pattern set with other ferrous materials. 
For soft ferritic materials, notched endurance ratio is 50-55%; with 
the stronger irons, ratio drops to 30-40% or lower 


Compressive Strength..................................] Ratio of compressive strength to tensile strength is about 2 to 1 





Creep Strength (0.0001%/hr), psi 





re rr 18,500 
I corinne aos ait ata atnks naadenteede sean 13,000 
so dee Cuts ay ae id Btittekeaeetls ms 5,700 
ee ene Sab nteUaanediuwecaceencan . 2,000 
THERMAL TREATMENT 
Ferritic Structure (ferritizing anneal)..... oP ....| Heat in 1600-1650 F range, cool to 1300 F, 
hold 1-3 hr, furnace cool to 1100 F, air cool 
Pearlitic-Ferritic Structures..................0.....00.. Heat to 1600-1650 F, cool rapidly, reheat at 
1100-1300 F 
a5. uerisenel winns Sie age aR EEN Normalize by air cooling from 1600-1650 F 
PIG 5 oinco0seivsrscevnnocennce error Quench from 1400-1650 F depending on 
composition, temper at 800-1300 F | 
FABRICATING PROPERTIES 
i SEE EEE EEE EE EEE EE LEE ELELEET ERTL EEE Depends on structure but is excellent in both as-cast and annealed 
conditions 
EE kiss waeendaeenedncenesesis denecwennss ene Can be welded by most fusion welding processes. For maximum 


ductility, welding should be done on fully annealed material. Com- 
position affects weld quality. A 60 Ni-40% Fe filler wire is best for 
metal arc welding. Can be brazed with the lower melting BAg 
filler metals 











CORROSION RESISTANCE Approx same corrosion resistance as gray irons of similar compo- 
sition 
USES Machine guides, pin- | Grate boxes, sinter | Impellers, grids, 


pots, lead pots, glass 
molds, furnace doors 


paper mill machine 
parts, pumps, valves 


ions, gears, cams, 
dies, track rollers 














aObtained by heat treatment involving normalizing or quenching and tempering. 
b25-40% with 10% chromium. 
eV-notched. 
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Properties 











of Materials 


Malleable Irons 





IRONS AND STEELS 








Type and Grade » 


Standard 


32510 





35018 


Pearlitic 





COMPOSITION, % 


PHYSICAL PROPERTIES 
ree 
Thermal Conductivity, aailite bie 

80 F.. 
700 F.. 
Coef of Ther Exp (68- 750). per oF 
Specific Heat (70-750), Btu/Ib/°F .. 
Electrical Resistivity (68 F), microhm-cm 
Shrinkage Allowance (contraction minus expansion during 
Ee RS 
Magnetic Properties. . 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Tensile Strength, 1000 - bia es 
Yield Strength, 1000 ~“Y 
Elongation (in 2 in.), %. 

Reduction of Area, %.. 
Hardness (Brinell) 
Impact Strengthe (Charpy), ft-lb 
Fatigue Strength 
Endurance Limit, 1000 psi 
Endurance Ratio 
Mod of Elast in Compression, psi. . . 
Compressive Yield Strength, 1000 psi 
1% Permanent Set 
At Failure. . 
Ultimate Shear Strength, ‘1000 psi. 
Yield Strength in Shear, 1000 psi.. 
Mod of Rupture in Torsion, psi..... 
Poisson’s Ratio 
Allowable Working Stress (775 F), psi.. 











THERMAL TREATMENT 
Hardening Temp, F............ 
Tempering Temp, F 





FABRICATING PROPERTIES 
Casting Temperature Range, F............. 
Machinability Index (AIS! B1112 steel =100).. 


Weldability 


C 2.3-2.7, Si 1.5-0.8, 
Mn 0.55 max, P 0.18 
max, S 0.20 max 


C 2.0-2.45, Si 1.4- 
0.85, Mn 0.55 max, P 
0.18 max, S 0.20 max 

















0.259-0.263 | 0.259-0.263 
29.5 29.5 
23.0 23.0 
6.6 x 10-¢ 6.6 x 10-6 
0.133 0.133 
32.0 32.0 
11/64-1/32 11/64-1/32 
Magnetic | Magnetic 
— | " 
25 x 108 | 25 x 108 
50-52 53-60 
32-35 35-40 
10-18 18-25 
18-23 18-23 
110-145 110-145 
16.5 16.5 
25 31 
0.50 0.50 
25 x 10° 25 x 10° 
28 28 
90 + 90+ 
45-48 48-54 
29-32 32-36 
53,000 58,000 
0.17 | 017 
5600 | 5600 
1500! 1500» 
2600-2800 2600-2850 
120 120 


Same as standard 
grades except that 
manganese can be 
higher 


0.259-0.263 


38.19-41.17 


11/64-1/32 
Magnetic 


28 x 10° 
60-90 
40-70 
12-3 


160-28¢ 
12 


30-32 


43 


1500 
About 600 


2600-2850 
80-90 





Not fusion welded. Can be soldered and brazed 











CORROSION RESISTANCE 


Resistant to atmospheric corrosion in rural, industrial and marine 


atmospheres; fresh and salt waters 





Gear cases, brake supports, journal boxes, 
pipe fittings, pole line hardware, ordnance 
parts, marine deck fittings, anchors, parts 
for domestic appliances and business ma- 








chines 


Rocker arms, cam- 
shafts, gears, 
sprockets, tractor 
parts, agricultural 
machinery parts 





sEstimated to be somewhat higher than for standard grades. 
oMust be first heated to 1700 F to dissolve graphitic carbon. 


*V-notch 9.079 in. deep, 0.394-in. sq bar. 
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ingot and Wrought Irons 





Type »> 


Ingot Iron Wrought Iron 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cu In.. ee bas 
SS I er en eee 


Thermal Conductivity (212 F), Btu/hr/ sq ft/°F /ft | 


Coef of Ther Exp (68-212 F), per °F. . 
Specific Heat, Btu/Ib/°F. 
Electrical Resistivity (68 F), microhm- -cm 
Magnetic Properties................ 
MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi 


Tensile Strength, 1000 psi 
Annealed... 
Hot Rolled 
Cold Drawn 
Yield Point, 1000 psi 
Annealed 
Hot Rolled 
Cold Drawn 
Elongation (in 2 in.), % 
Annealed... 
Hot Rolled 
Cold Drawn.. 
Reduction of Area, % 
Annealed. . 
Hot Rolled 
Cold Drawn 
Hardness (Brinell) 
Annealed.. 
Hot Rolled 
Cold Drawn 
impact Strength (Charpy), ft-lb 
Annealed 
Hot Rolled.. 
Cold Drawn 
Fatigue Strength (endurance limit), 1000 psi 
Annealed 
Hot Rolled 
Cold Drawn 


FABRICATING PROPERTIES 
Annealing Temperature, F 
Forging Temperature Range, F.. 
Bending Temperature Range, F...... 
Machinability Index (AIS! B1112 Steel =100). 


Weldability . 


CORROSION RESISTANCE 


AVAILABLE FORMS 


USES 


C<0.02, Mn<0.02, Si 
trace, P 0.005, S$ 0.02 


C 0.02, Mn 0.03, Si 0.15, 
P 0.12, S 0.02, Slag 3.0 


0.28 0.25 
2794 2750 
38 36 
6.8 x 10+ 6.7 x 10* 
0.11 0.11 
9.7 — 
Magnetic Magnetic 
29.8 x 10° 29 x 108 





Longitudinal® 
42 — 
44 47 
13 


19 


4g 
47 35 7 
12 . 


16 as : 
75 4g 12 
63 Ks 


69 - % 
93 105 105 


29 1] 


26 ‘ “ 
28 23 19 
33 o 


1700-1800 1300-1400 

2100-2200 

- 1300-1400 
50 50 


Readily joined by resistance, arc and gas methods 








Like other ferrous metals with the exception of the stainless steels, 
these materials generally require protection for extended service 
under corrosive conditions. In spite of its purity, ingot iron has cor- 
rosion rates much the same as those of plain carbon steel. Under 
atmospheric conditions, wrought iron appears to be somewhat su- 
perior to carbon steel. In fresh water the two materials have similar 
characteristics; there is some dispute for salt water service 











Sheet and strip, wire, | Tubular products, plate, sheet, bars, struc- 
rail sections | tural shapes, wire, chain 


} 
Deep drawn parts, Oil-well casing, heat exchangers, piping for 


enameling stock, | fresh and salt water, tanks, bolts and nuts, 
third rails, wire for | 
electrical apparatus | chains 











roofing, chemical processing equipment, 





4aAs rolled 
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Properties of Materials ¢ IRONS AND STEELS 


Low Carbon Steels 





AISI Type »> 


C1010 C1015 C1018 C1020 C1025 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cu in... ... 
Melting Temp Range, F 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft. 
Coef of Ther Exp 
(70-1200 F), per °F. 
Spec Ht, Btu/Ib/°F 


Elec Res (68 F), microhm-cm. . . . . ' . | 
Magnetic Properties................. 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 
Ned icc ina duit i Skac cen 
Cold Worked.................. 
Yid Str, 1000 psi 
Hot Rolled 
Cold Worked...... 
Elong (in 2 in.), % 
Hot Rolled... . 
Cold Worked. . 
Red. of Area, % 
Hot Rolled 
Cold Worked 
Hardness (Brinell) 
Hot Rolled 
Cold Worked... 





Impact Str 


Fatigue Str 


THERMAL TREATMENT 
Annealing Temp, F 
Hardening Temp, F 
Tempering Temp, F.............. 





FABRICATING PROPERTIES 
Machinability Indexe 
Hot Rolled 
Cold Worked 


Weldability . 





CORROSION RESISTANCE ym 





AVAILABLE FORMS 


USES 


C 0.08-0.13, Mn C 0.13-0.18, Mn C 0.15-0.20, Mn C 0.18-0.23,Mn | C0.22-0.28, Mn 
0.30-0.50, P 0.040 | 0.30-0.60, P 0.040 | 0.60-0.90, P 0.040 | 0.30-0.60, P 0.040 | 0.30-0.60, P 0.040 
max, S 0.050 max | max, $ 0.050 max | max, S 0.050 max | max, S 0.050 max | max, S 0.050 max 


0.283 0.283 0.283 0.283 0.283 
2750-2775 2750-2775 2750-2775 2750-2775 2750-2775 
27 27 27 27 27 


8.4 x 10-6 8.4 x 10-6 8.4 x 10-6 8.4 x 10* 8.4 x 10-6 
0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
14.3 14.3 14.3 14.3 14.3 
Magnetic Magnetic Magnetic Magnetic Magnetic 


29-30 x 10° 29-30 x 10° 29-30 x 108 29-30 x 10° 29-30 x 106 


91 61 69 65 70 
56 74 82 78 


29 46 48 43 
33 62 70 66 


38 39 38 36 
35 24 20 20 


70 61 62 99 
65 9] 97 95 


101 126 143 143 
113 143 163 156 162 


Markedly dependent on section size and processing details, such as deoxidation practice, rolling practice, 
etc. Impact strength is affected a great deal more than other mechanical properties by these variables 
Dependent on thermal and mechanical history, though not to the extent that impact strengths are 
Conservative estimate of fatigue strength is 40-50% of tensile strength 


1650-1750 1650-1750 } 1650-1750 1650-1750 1600-1700 


1650-1700 1650-1700" | 1650-1700* 1600-1675» 1600-1675" 
300-1350 300-1350 300-1350 | 300-1350 300-1350 


40 50 92 90 92 
45 58 65 60 65 





Easily welded by all commercial welding procedures, including gas, arc, bronze, thermit, oxyacetylene 
and submerged-melt processes. Resulting welds are of extremely high quality 





Rusted by oxygen and water at room temperature, rate of attack increasing sharply as pH goes above 4 
and decreasing below a pH of 8. Dilute salt solutions increase corrosion rate. Attacked by acids, in 
general, but satisfactorily resistant to alkalis at normal temperatures. Corrosion rate in ordinary rusting 
not appreciably affected by carbon or alloy content or by cold working 





Can be obtained in all mill forms. “Structural mild steel,” in which the common shapes are supplied 
unless otherwise specified, falls somewhere in these ranges of composition 

Can be carburized to give a hard surface on a part which retains its tough inner core. Machine applica- 
tions apart from structural shapes include automobile spiders, gears, clutch disks, bolts, bearing races, 
camshafts, crankshafts, piston pins, cams, pneumatic tool cylinders, gun blocks, bushings, stud and 
collar bolts, shifter shoes, draw bars, pivot pins, cap screws, precision shafting, scythe blade heels, 








flanges, shackles, tie rods, drag links, steering gear connecting rods, thrust washers, wrenches 





aQuench in water, brine or caustic frequently used. 
bSoluble oil solution used for hardening bolts; mineral oil used when quenching for machinability. 


cBased on AISI B1112 steel = 100. 
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Medium Carbon Steels 





AISI Type »> 


C1030 C1035 C1040 C1045 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Dens'ty, Ib/cu in....... 
Melting Temp Range, F............... 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 
Coef of Ther Exp (70-1200 F), per °F 
Specific Heat, Btu/Ib °F...... 
Elec Res (68 F), microhm-cm 
Magnetic Properties. .... 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 
Hot Rolled..... 
Cold Worked. 
Hard. & Temp 
Yid Str, 1000 psi 
Hot Rolled..... 
Cold Worked... 
Hard. & Temp. 
Elong (in 2 in.), % 
Hot Rolled - 
Se ee ee ere 
Hard. & Temp.... 
Red. of Area, % 
Hot Rolied.... 
Cold Worked.... 
Hard. & Temp..... 
Hardness (Brinell) 
Hot Rolled...... 
Cold Worked 
Hard. & Temp 


Impact Str. . 


Fatigue Str 


THERMAL TREATMENT 
Annealing Temp, F 
Hardening Temp. F 
Tempering Temp. F 

FABRICATING PROPERTIES 

Machinability Index (AIS! B1112 steel =100) 
Cold Worked... Petes 
Hard. & Temp 


Weldability... 
CORROSION RESISTANCE 
AVAILABLE FORMS 


USES 





| 


C 0.28-0.34, Mn C 0.32-0.38, Mn C 0.37-0.44, Mn | C 0.43-0.50,-Mn 
0.60-0.90, P 0.040 0.60-0.90, P 0.040 0.60-0.90, P 0.040 0.60-0.90, P 0.040 
max, S 0.050 max max, S 0.050 max max, S 0.050 max max, S 0.050 max 


0.283 0.283 0.283 0.283 
2700-2750 2700-2750 2700-2750 2700-2750 
27 27 27 27 
8.3 x 10-6 8.3 x 10-6 8.3 x 10-6 8.3 x 10° 
0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
19 19 19 19 
Magnetic Magnetic Magnetic Magnetic 
29-30 x 106 29-30 x 108 29-30 x 106 | 29-30 x 108 
80 85 91 98 
85 92 100 103 
98 « 103» 113» 120° 
50 54 58 59 
72 79 88 90 
70° 728 86 90! 

30 30 27 24 
26 25 17 14 
278 23» 23» 18» 
56 53 50 45 
51 50 42 40 
64 59> 62» §2¢ 
163 183 201 212 
179 201 207 217 
21?4 920\b 235>b 217° 


Markedly dependent on section size and processing details such as deoxidation practice, 
rolling practice, etc.—more so than other mechanical properties 

Dependent on thermal and mechanical history. though not to the extent that impact strengths 
are. A conservative estimate of fatigue strength is 40-50% of tensile strength 


1550-1700 1500-1650 1450-1600 1450-1600 
1575-1650 1525-1600 1500-1575 1475-1550 
300-1350 300-1350 300-1350 300-1350 
67 67 65 60 
| 50 


99 99 55 





Easily welded by all commercial procedures including gas, arc bronze, thermit, oxyacety- 
lene and submerged-melt. Preheat and postheat treatments frequently necessary 





Rusted by oxygen and water at room temperature, rate of attack increasing sharply as the 
pH goes above 4 and decreasing below a pH of 8. Dilute salt solutions increase corrosion 
rate. Attacked by acids, in general, but are satisfactorily resistant to alkalis at normal 
temperatures. Corrosion rate in ordinary rusting not appreciably affected by carbon or 
alloy content or by cold working 


Can be furnished in all standard mill forms 








Shafts brake shoe parts, gears, tie rods, brake and clutch pedals, truck rim side rings, 
sucker rods, connecting rods, shifter levers, pitman arms, flywheel rings, |-beam axles, 
crankshafts, camshafts, wheel hubs, pins, tools, plowshares, sway bars, mine bits, lock 
washers, bumper bars, springs. road scraper blades, scarifier teeth. grinding balls 

al-in. round water quenched 1575 F, drawn at 1000 F. hl-in. round water quenched 1525 F, drawn at 1000 F. 







cl-in. round water quenched 1550 F, drawn at 1000 F. 


dQuenched in oil, water, or brine or caustic solutions. 
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Properties of 


High Carbon Steels 


Materials e 


IRONS AND STEELS 









AISI Type » 


C1055 


C1060 


C1070 


C1080 


C1095 





COMPOSITION, % 


C 0.50-0.60, Mn 
0.60-0.90, P 0.040 
max, S 0.050 max 


C 0.55-0.65, Mn 
0.60-0.90, P 0.040 
max, S 0.050 max 


C 0.65-0.75, Mn 
0.60-0.90, P 0.040 
max, S 0.050 max 


C 0.75-0.88, Mn 
0.60-0.90, P 0.040 
max, S 0.050 max 


C 0.90-1.05, Mn 
0.30-0.50, P 0.040 
max, S 0.050 max 





PHYSICAL PROPERTIES 


























PMs ait a ve vucadeweasee 0.283 0.283 0.283 | 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 27 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F... 8.1 x 10-* 8.1 x 10-6 8.1 x 106 8.1 x 10-6 8.1 x 10¢ 
gs Se 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 | 0.10-0.11 
Elec Res (68 F), microhm-cm ......... 18 18 18 18 | 18 
Magnetic Properties.................. Magnetic Magnetic Magnetic Magnetic Magnetic 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi........... 29-30 x 106 29-30 x 106 29-30 x 108 29-30 x 108 29-30 x 10° 
Ten Str, 1000 psi | 
Anmeaed (1450 F)..............000. 97 105 112 119 100 
NE bes Shag 655 yasedse ands 109 116 128 141 | 142 
ee 150 160+ 174» 189» | 180° 
Yid Str, 1000 psi 
a ig as ka 52 54 60 66 53 
acdc sivdasi¥ivies’e 65 70 77 84 | 84 
8 Sere 105 112 127 142 118 
Elong (in 2 in.), % 
De iss 54s Khu ekeseceews 24 20 17 15 21 
G20). i dicaneseadevenas 19 17 | 15 12 9 
IS 0 sac vccesnvaexdusen’ 14 12 13 14 ll 
Red. of Area, % 
ER 47 44 34 22 42 
die 6s cu dcderw sees cout 38 36 27 17 18 
Nc , ctubsaccacwescwns 45 40 37 34 30 
Hardness (Brinell) 
ee cbs, whesGadecsacads 185 192 207 223 197 
Ee ee 235 241 | 267 293 293 
Ee ee 307 321 | 354 388 375 
impact Str (Izod), ft-Ib | 
Annealed............0.-ce00c00-0. 22 15 | il | 6 5 
IN Bute 18 13 | 4 | 5 3 
PN nko odkicecaseeceias 22 15 13 | 10 5 





THERMAL TREATMENT 

Normalizing Temp, F................. 
Annealing Temp, F.................5. 
re 
Tempering Temp, F........... 


1525-1650 
1500-1575 
1450-1550 

400-1300 





1525-1650 
1500-1575 
1450-1550 

400-1300 


1525-1650 
1500-1575 
1450-1525 

400-1300 


1525-1650 
1500-1575 
1450-1500 

400-1300 


1525-1650 
1500-1575 
1430-1500 

400-1300 








FABRICATING PROPERTIES 
Hot Working Temp Range, F........... 
Machinability Index (annealed)?....... 


Es a 55a dis ges vod<0 04 


1550-1650 
99 





1550-1650 
53 





1550-1650 
45 





1550-1650 
44 


| 






1550-1650 
43 





High carbon content introduces difficulties in welding. Can be welded satisfactorily by thermit process. 
Welding by gas and arc methods is difficult, and resulting welds are only moderately satisfactory 





CORROSION RESISTANCE 


Rust when brought into contact with moisture and air at room temperature; rates not appreciably affected 
by carbon content. If salts are present, corrosion rate is increased. Attacked readily by acids, but resistant 
to alkalis at ordinary temperatures 





AVAILABLE FORMS 


Furnished in the form of cold rolled strip, hot rolled strip, flat bars and forgings 





USES 





Heavy machine parts, such as shafts, braces and contro! rods; hand tools, including open-end and Stillson 
wrenches, hammers, pliers, screwdrivers, hatchets and axes; agricultural machinery parts, such as 
plowsheres, mold boards. disks for harrows, and mower krives. and flat and helicai springs 





al-in. round, normalized 1650 F, reheated to 1550 F, 
bl-in. round, normalized 1650 F, reheated to 1525 F, 
el-in. round, normalized 1650 F, reheated to 1475 F, 


dBased on AISI B1112 steel = 100. 
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oil quenched, tempered 700 F. 
oil quenched, tempered 700 F. 
oil quenched, tempered 700 F. 








Free-Cutting Steels 























AISI Types » B1111, C1211 B1112, C1212 B1113, C1213 
COMPOSITION, % C 0.13 max, Mn0.60-0.90, | C0.13 max, Mn0.70-1.00, | C0.13 max,Mn0.70 1.00, 
P 0.07-0.12, S 0.08-0.15 | P 0.07-0.12, S 0.16-0.23 | P 0.07-0.12, S$ 0.24-0.33 
PHYSICAL PROPERTIES | 
Density, Ib/cu in.. 0.283 0.283 0.283 
Thermal Conductivity (212 F), 

NY cca wainwianinkewens 27 27 27 
Coef of Ther Exp (70-1200 F), per °F........ 8.4 x 10 8.4 x 10+ 8.4 x 10-* 
Specific Heat, Btu/ID/°F... 2... 2... cc eeees 0.10-0.11 0.10 011 0.10-0.11 
Electrical Resistivity (68 F), microhm-cm..... 14.3 14.3 14.3 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi................ 29 x 108 29 x 106 29 x 108 
Tensile Strength, 1000 psi 
Ain 4s d0cdsnwensunvsisiuceues 85-110 85-110 85-110 
CE ebnbessenadesesunndases eds 80-105 80 105 80-105 
| EC et eee 70-90 70-90 70-90 
Yield Strength, 1000 psic 
i hitiekcahabiasanpmaxanals 75-100 75-100 75-100 
PS akckscecnveceseaceedtsencends 70-90 70-90 70-90 
KEL hinecaautiwnsndasun sashes 60-85 60-85 60-85 
Elongation (in 2 in.), %e 
NS sc cdddenseuseeseseanciseads 10-20 10-20 10-20 
aici ecccnxgidascaekrceiutes 12-22 12-22 12-22 
leat paccce eden ney ene 10-20 10-20 10-20 
Reduction of Area, %e 
erik s ckdcnnascnnsdenerneens 30-50 30-50 30-50 
eer eer 35-55 35-55 35-55 
2-In. Dia...... 30-50 30-50 30-50 
Hardness (Brinell)e 
rt kcscidadcsidataswnciasean B90-102> B90-102» B90-102» 
IDS is ciate niadadeeddeencices 163-229 | 163 229 163-229 
DDE 45 iene sercddudieeccanka 149-202 149-202 149-202 


iin cdcusneniieiunseceteesnes 


Fatigue Strength 





THERMAL TREATMENT 
Case Hardening.............. 


Case Hardening Temp, F4.................. 
ID icicectedccvdenstensos 





Relatively low impact strength at low temperatures; should not be used for shock 
loading applications at subzero temperatures 

Notch sensitive; as cold drawn. Polished fatigue specimens will show expected 
values but poor finishing or processing of parts may cause low and erratic results 
for finished parts under dynamic or alternating stresses of relatively low intensity 





Case hardened for high surface hardness and good wear resistance where core 
properties not important Case hardness Rockwell C60-65 





1450-1700 1450-1700 


1450-1700 
300 | 300 


300 





FABRICATING PROPERTIES 
Workabiliiy. . 


Machinability Indexe.. 
Machining Speed (avg), sim... 


.| Not recommended for operations involving cold metal movement, such as crimp- 


ing. forming or bending 





90 | 100 | 405 
153 170 | 213 





AVAILABLE FORMS 


Cold drawn shapes 








USES 


Studs, nuts, fasteners, sleeves, collars, spacers, dowels, rods, handles, levers 





aB1111, 
bRockwell hardness. 
eCold drawn. 

aQuench in water or oil. 
eBased on B1112 = 100. 






B1112, B1113 are Bessemer Steels. 


C1211, C1212, C1213 are basic open hearth steels. 
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Manganese Steels 


Properties of Materials ¢ IRONS AND STEELS 





AISI Type » 


1320 | 1321 | 1330 | 1335 1340 





COMPOSITION, % 


PHYSICAL PROPERTIES 

Density, Ib/cuin............... 

Ther Cond (212 F), Btu/hr/sq ft/°F /ft 

Coef of Ther Exp (68-1200 F), per °F. . 

Spec Ht, Btu/Ib/°F 

Elec Res (68 F), microhm-cm. 

Magnetic Properties 

MECHANICAL PROPERTIES® 

Mod of Elast in Tension, psi.......... 

Ten Str, 1000 psi 
Annealed....... 1G Sore 
Cold Drawn......... 

Hard. & Temp .. 

Yid Point, 1000 psi 

Annealed... . 
Cold Drawn... . 
Hard. & Temp . 

Elong (in 2 in.), % 
Annealed..... 

Cold Drawn............. 
Hard. & Temp .. 

Red. of Area, % 
EE ae 
Cold Drawn.... 

Hard. & Temp .. 

Hardness (Brinell) 
Annealed............. 

Cold Drawn......... 
Hard. & Temp .... 

Impact Str (Izod), ft-!b 
Annealed 
Cold Drawn 

THERMAL TREATMENT 
Annealing Temp, F.... 
Hardening Temp, F 

FABRICATING PROPERTIES 

Machinability Indexe 
(annealed or cold drawn)...... 


Weldability. . .. 


AVAILABLE FORMS — 


C 0.18-0.23, Mn | C 0.17-0.22, Mn | C 0.28-0.33, Mn | C 0.33-0.38, Mn | C 0.38-0.43, Mn 
1.60-1.90, $i 0.20- | 1.80-2.10, Si0.20- | 1.60-1.90, Si0.20- | 1.60-1.90, Si0.20- | 1.60-1.90, Si 0.20- 
0.35, P 0.040 max, | 0.35, P 0.050 max, | 0.35, P 0.040 max, | 0.35, P 0.040 max, | 0.35, P 0.040 max 
§ 0.040 max | $ 0.050 max S 0.040 max S 0.040 max S 0.040 max 


0.283 0.283 | 0.283 | 0.283 0.283 
27 27 27 | 27 27 
7.9 x 10-8 7.9 x 106 | 7.9 x 10-6 7.9 x 10-6 7.9 x 10-8 
0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
17 17 | 17 17 17 
Magnetic Magnetic Magnetic Magnetic Magnetic 


| 
29-30 x 106 29-30 x 106 29-30x10® | 29-30 x 10° 29-30 x 106 


84 90 97 104 110 
102 107 113 119 -- 
100° 122¢ 1264 1374 


72 80 83 90 94 
80 87 93 100 - 
73.5 -- 100 105 118 


24 22 21 19.5 18 
20 18 15 14 _- 
28 -- 19 20.5 19 


58 57 55 54 
59 50 47 ei 
— 52 99 55 


187 197 212 223 
212 235 248 — 
- 248 262 285 


52 
56 


| 
1500-1600 1500-1600 1500-1600 1500-1600 1500-1600 
1575-1625 | 1575-1625 1500-1575 1500-1550 1500-1550 


65 63 62 | 62 59 





Manganese increases crack sensitivity of welded joints, particularly when this sensitivity is associated 
with higher carbon contents. Appropriate control of welding practice must accordingly be employed 





Rust at rates similar to those of carbon steels when brought into contact with moisture and air. If salts 
are present, corrosion rates are increased. Attacked readily by acids, but resistant to alkalis at ordinary 
temperatures 





Billets, hot rolled bars, cold finished bars, forgings 








USES 





Automotive. farm implement and miscellaneous industrial applications, including axles, drive shafts, 
propeller shafts, bolts, studs, gears and tie rods 





aMechanical properties determined on 1-in. round bars. 

bPseudo-carburized at 1700 F for 8 hr, oil quenched, tempered at 300 F, reheated at 1475 F. 
eWater quenched from 1525 F, tempered at 1000 F. 

dOil quenched from 1525 F, tempered at 1000 F. 


eBased on AISI B1112 steel = 100. 
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Nickel Steels 





AISI Type »> 


2317 | 2330 | 2335 2340 2345 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cuin......... ie agaten 
IE 6 i.cwasanddeagenasacs 
Ther Cond (120 F), Btu/hr/sq ft/°F /ft. 
Coef of Ther Exp, per °F 

Oto 200F........ 

| Se es 
Spec Ht (68-212 F), Btu/Ib/°F....... 
Elec Res (annealed), microhm-cm 

eee 


Magnetic Properties 
MECHANICAL PROPERTIES® 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 
Hot Rolled...... 
Annealed......... 
Cold Drawn......... 
Hard. & Temp (1000 F)» 
Yid Str, 1000 psi 
Hot Rolled... . ewes 
ee 
Cold Drawn........... ae 
Hard. & Temp (1000 F)» 
Elong (in 2 in.), % 
Hot Rolled...... 
Annealed......... 
Cold Drawn....... 
Hard. & Temp (1000 F)» 
Red. of Area, % 
Hot Rolled... . 
Annealed....... 
Cold Drawn........... 
Hard. & Temp (1000 F)> 
Hardness (Brinell) 
Hot Rolled 
Annealed......... 
Cold Drawn....... i 
Hard. & Temp (1000 F)».... 
Impact Str (Izod, 
hard. & temp at 1000 F)», ft-Ib..... 





THERMAL TREATMENT 
Annealing Temp, F... 
Normalizing Temp, F. . 
Hardening Temp, F.. 





FABRICATING PROPERTIES 
Max Forging Temp, F................ 
Machinability Indexe. as tone 


Weldability. . . 


CURROSION RESISTANCE 








AVAILABLE FORMS 


USES 


Good. Preheating desirable except AISI 2317 





C 0.15-0.20, Mn lc 0.28-0.33, Mn ¢ 0.33-0.38, Mn | C 0.38-0.43, Mn 7 C 0.43-0.48, Mn 
0.40-0.60, Si0.20- | 0.60-0.80, Si0.20- | 0.60-0.80, Si0.20- | 0.70-0.90, Si0.20- | 0.70-0.90, Si 0.20- 
0.35, Ni 3.25-3.75 | 0.35, Ni 3.25-3.75 | 0.35, Ni 3.25-3.75 | 0.35, Ni 3.25-3.75 | 0.35, Ni 3.25-3.75 

. mana a =) ee 




















0.283 0.283 0.283 0.283 0.283 
2620 2600 2590 2585 2575 
38.3 38.3 38.3 | 38.3 38.3 
6.2 x 10-8 6.2 x 10-6 62x10 | 62x108 6.2 x 10-6 
8.0 x 10-6 8.0 x 10-6 80x10 | 980x104 8.0 x 10-6 
0.11-0.12 0.11-0.12 0.11-0.12 | 0.11-0.12 0.11-0.12 
28.4 | 28.4 28.4 | 28.4 28.4 
46.8 46.8 | 46.8 | 46.8 46.8 
Magnetic | Magnetic | Magnetic Magnetic | Magnetic 
_ | oe ; i Pin See 
29-30x10° | 29-30 x 108 29-30x10° =| 29-30 x 108 29-30 x 108 

8] 97 103 | 110 115 

77 90 95 100 104 

95 110 . | use . 

107 125 137 137 140 

55 67 72 76 80 

53 64 68 71 75 

75 90 ae a fa 

72 96 119 | 119 | 130 

29 4 22 | 21 19 

31 27 25 23 22 

25 17 iol 

2 22 21 21 20 

62 51 47 AA 40 

61 54 51 50 46 

58 47 48 48 40 

71 60 59 59 58 
160 195 205 220 230 
152 180 190 | 200 210 
197 235 235 235 255 
222 270 302 | 302 302 

84 | 55 | 52 49 40 

ee Zz — — | ome niceenEEEEeS — ——— —EEE | — —— 

1550 1500 1475 | 1450 1450 
1550 | 1500 1475 1450 1450 
1475 1450 | 1450 1425 1400 
2300 2250 | 2225 2200 2175 

55 50 | 45 45 40 








Better corrosion resistance than plain carbon steels 





Usually supplied as bar stock or forgings, but can be obtained in all steel mill forms 








Carburized parts; | Shafting, heavy forgings, gears, highly stressed bolts, axles, other highly stressed 
gears, cams parts 





aFor design purposes, fatigue strength is approximately 50% of tensile strength. Compressive yield strength is about equal to tensile 
yield strength. Shear strength is about 5 to 10% less than tensile strength. 
bProperties after heat treatment are based on oil quench and 1-in. round bars. 


cBased on AISI B1112 steel = 100. 


continued 
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Properties of Materials 


e IRONS AND STEELS 


Nickel Steels—concluded 





AISI Type » 


2512 2515 | 2517 





COMPOSITION, % 


C.0.09 -0.14, Mn 0.40-0.60, €0.12-0.17, Mn 0.40-0.60, | C 0.15-0.20, Mn 0.40-0.60, 
Si 0.20-0.35, Ni 4.75-5.25 | Si 0.20-0.35, Ni 4.75-5.25 | Si 0.20-0.35, Ni 4.75-5.25 





PHYSICAL PROPERTIES 
Density, Ib/cu in 
Melting Point, F 
Thermal Conductivity (120 F), Btu/hr/sq 


Coef of Ther Exp, per °F 


0 to 1200 F 
Specific Heat (68-212 F), Btu/Ib/°F 
Elec Res (annealed, 120 F), microhm-cm 
Magnetic Properties 


0.283 | 0.283 0.283 


2620 2615 2610 


34.5-38.5 34.5-38.5 34.5-38.5 
6.0 x 10-6 
7.8 x 10-6 
0.11-0.12 
27-29 
Magnetic 


6.0 x 10-6 
7.8 x 10 
0.11 -0.12 
27-29 
Magnetic 


6.0 x 10° 
7.8 x 10-8 
0.11-0.12 
27-29 
Magnetic 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi* 
Tensile Strength, 1000 psi 

Hot Rolled 


Hard. & Temp (1000 F)» 
Yield Strength, 1000 psi 

Hot Rolled 

Annealed 


Hard. & Temp (1000 F)» 
Elongation (in 2 in.), % 
Hot Rolled 


Hard. & Temp (1000 F).................. 


Reduction of Area, % 
Hot Rolled 


Hard. & Temp (1000 F)°. . 
Hardness (Brinell) 
Hot Rolled 


Hard. & Temp (1000 F)> 
Impact Str (Izod, hard. & temp at 1000 F>), 





29-30 x 108 29-30 x 10° 29-30 x 108 





86 | 90 92 
77 | 80 82 
o | 103 - 
105 | 113 120 





62 67 | 70 
61 63 | 65 
— 75 ties 
85 94 100 
28 26 26 
30 25 29 
pe 24 — 
28 | 25 22 





70 | 67 65 
72 71 70 
a 62 _ 
73 69 66 





160 
207 


95 85 





THERMAL TREATMENT 
Annealing Temp, F 
Normalizing Temp, F 
Hardening Temp, F 


1500 
1500 
1475 


1525 
1525 
1475 








FABRICATING PROPERTIES 
Max Forging Temp, F 
Machinability Indexe 
Weldability 


2300 


2300 | 
_ | 40 


Good | Good 











CORROSION RESISTANCE 


Better corrosion resistance than plain carbon steels 





AVAILABLE FORMS 


Usually supplied as bars, tubing or forgings, but can be obtained in all steel mill 
forms 





USES 





Heavy duty carburized parts such as aircraft gears and piston pins. Uncarburized, 
these strels are used for corrosion resistant equipment in paper and oil industries 





aFor design purposes, fatigue strength is approximately 50% of tensile strength. Compressive yield strength is about equal 
to tensile yield strength. Shear strength is about 5 to 10% less than tensile strength. 
bProperties after heat treatment are based on oil quench and 1-in. round bars. 


eBased on AISI B1112 steel = 100. 
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Carbon-Molybdenum Steels 





AIS! Type » 


4023 4032 | 4042 4053 4063 





COMPOSITION, % 


PHYSICAL PROPERTIES 
ET) re , 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft.. 
Coef of Ther Exp (70-1200 F), per °F. . 
EY a 
Elec Res (68 F), microhm-cm.......... 
Magnetic Properties.................. 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......... 
Ten Str, 1000 psi 

Annealed, Cold Drawn 
Cold Drawn........... 
Hard. & Temp........ 
Yld Point, 1000 psi 
Annealed, Cold Drawn 
Cold Drawn..... 
Hard. & Temp. . 
Elong (in 2 in.), % 
Annealed, Cold Drawn............. 
IS, cc gu ciecsatue vied 
re 
Red. of Area, % 
Annealed, Cold Drawn............. 
eo 
Hard. & Temp 
Hardness (Brinell) 
Annealed, Cold Drawn 
Cold Drawn............. ee 
PE WIN ok is Gan dewnesaeneens 


Fatigue Str, 1000 psi... . 





THERMAL TREATMENT 
Annealing Temp. F.................. 
Hardening Temp (oil quench), F....... 


C 0.20-0.25, Mn C 0.30-0.35,Mn | C€0.40-0.45,Mn | C€0.50-0.56,Mn | C0.60-0.67, Mn 
0.70-0.90, P 0.040 | 0.70-0.90, P 0.040 | 0.70-0.90, P 0.040 | 0.75-1.00, P 0.040 | 0.75-1.00, P 0.040 
max, S 0.040 max, | max, S 0.040 max, | max, S 0.040 max, | max, S 0.040 max, | max, S 0.040 max, 

Si 0.20-0.35, Mo Si 0.20-0.35, Mo Si 0.20-0.35,Mo | Si 0.20-0.35,Mo | Si 0.20-0.35, Mo 


0.20-0.30 0.20-0.30 | —0.20-0.30 0.20-0.30 | —0.20-0.30 
0,283 0.283 | 0,283 0.283 0.283 
27 27 | 27 | 27 27 
83x 10-6 83x106 | 83x 10+ 83xl0® | 83x08 
0.10-0.11 010-011 | 010-011 0.10-0.11 | 0.10-0.11 
19 | 19 | 19 | 19 | 19 
Magnetic Magnetic | Magnetic Magnetic | Magnetic 
| | | | 
29-30x 10° =| 29-3010 | 29-30x 108 =|) 29-30x 10° | 29-30 x 108 
88 92 | 96 102 109 
90 104 117 127 | 137 
120*, 108! 210°, 140¢ | 235¢, 158 250¢, 165" =| 269%, 1731 
76 79 | 82 38 | 94 
15 89 101 108 115 
85a G4b 182°,128¢ | 210, 140 223«, 150" 231i, 150: 
22 20 | 19 | 18 | 16 
21 | 17 16 | 14 | 13 
202,21» =| Ile, 184 10¢, 15! 128, 16! | gi 13) 
| 
57 | 54 | 53 51 | 48 
55 51 | 49 45 | 40 
538, 54! 49°, 63¢ 42°, 60 | 408, 56! 151, 40 
179 192 202 212 | 223 
183 217 241 | 262 277 


255, 229 415°, 3024 461e, 302! | 4958, 3525 | 534%, 380) 








Endurance limit is proportional to tensile strength in same ratio as in other low alloy steels. Below 400 
Bhn, ratio is about 50%; at higher hardness it is about 45% of tensile strength 











FABRICATING PROPERTIES 
Machinability Index (AIS! B1112 = 100) . 


EN VeAS occa xdadevnsetaded eed 


1650 1550-1600 1525-1575 1450-1550 | 1450-1550 
: 1500-1575 1475-1550 | — 1475-1550 
a uf r SE aIEIRIINS YEPSERNRRR TSAR RR See 
73 | 70 65 | 56 | 52 





Can be welded by procedures used for carbon steels. Molybdenum increases hardenability; preheating 
or postheating may be required 








CORROSION RESISTANCE 


Similar to carbon steels 





USES 


Automotive parts | Automotive trans- | Leaf and coil springs, bolts, axles, | Leaf and coil 
such as counter- | mission gears and | steering arms and knuckles. Hand tools | springs. Hand tools 
shafts, transmis- | pinions, bolts | such as screw drivers | such as chisels 





sion shafts, spline 
and differential | 








gears 





al-in. round pseudo-carburized 8 hrs at 
bSame as a but reheated at 1475 F, oil 


1700 F, oil quenched, tempered 1 hr at 300 F. 
quenched. 


eWater quenched from 1525 F, tempered at 600 F. dWater quenched from 1525 F, tempered at 1000 F. 


eOil quenched from 1500 F, tempered at 600 F. fOil quenched from 1500 F, tempered at 1000 F. 
gOil quenched from 1475 F, tempered at 600 F. hOil quenched from 1475 F, tempered at 1000 F. 
10i] quenched from 1450 F, tempered at 600 F. jOil quenched from 1450 F, tempered at 1000 F. 


kCarburize 1650-1700 F; quench fine grained steels directly from carburizing temperature. 


lCarburize 1650-1700 F; quench fine grained steels directly from carburizing temperature. Water quench from 1500-1550 F if not carburized. 
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Properties oft 


Nickel-Chromium-Molybdenum Steels (4300) 


Materials e 


IRONS AND STEELS 





AISI Type » 


4317 


4320 


4337 


4340 





COMPOSITION, % 


C 0.15-0.20, Mn 


C 0.17-0.22, Mn 


C 0.35-0.40, Mn 


C 0.38-0.43, Mn 


0.45-0.65, Ni 1.65-2.00, | 0.45-0.65, Ni 1.62-2.00, | 0.60-0.80, Ni 1.65-2.00, 0.60-0.80, Ni 1.65-2.00 


Cr 0.40-0.60, Mo 


0.20-0.30 





Density, Ib/cu in 
Melting Point, F........ 


Ther Cond (120 F), Btu/hr/sq ft/°F/ft.... 


Coef of Ther Exp, per °F 


ah a ns 0 is kone doce ve. . 


TY a 
Elec Res, microhm-cm 


See 
Magnetic Properties........... 


MECHANICAL PROPERTIES 


Mod of Elast in Tension, psi........... 


Ten Str, 1000 psi 
As Rolled 
Annealed 
Hard. & Temp* 
Yid Str, 1000 psi 
As Rolled 
ee 


8 ee 


Elong (in 2 in.), % 
As Rolled........ 
Annealed... .. 
Hard. & Temp* 

Red. of Area, % 

As Rolled........... 
Annealed... .. 
Hard. & Temp* 

Hardness (Brinel!) 
EG re ae 
De enc adic do dlana 
Hard. & Temp*............. 


Impact Str (Izod, hard. & temp), ft-lb bi 





FABRICATING PROPERTIES 
Annealing Temp, F................ 
Hardening Temp, F............ 
Max Hot Working Temp, F..... 
Machinability Indexe....... 


Weldability 


0.283 
2750 
21.7 


6.3 x 10-6 
8.1 x 10-6 
0.107 


30 
48 
Magnetic 


29-30 x 106 


122 
95 
160° 


99 
17 
130° 


19 
25 
17> 


47 
54 
57> 


250 
185 
320° 
40> 
1550-1600 
1525-1575 
2300 
55 


0.20-0.30 


0.283 
2750 
21.7 


6.3 x 10-6 
8.1 x 10 
0.107 


30 
48 
Magnetic 


29-30 x 108 


134 
98 
180° 


102 
89 
154» 


17 
23 
15° 


43 
52 
50> 


265 
195 
360> 

39b 


1550-1600 
1525-1575 
2300 
51 





Cr 0.40-0.60, Mo 


Cr 0.70-0.90, Mo 


0.20-0.30 


0.283 
2740 
21.7 


6.3 x 10-6 
8.1 x 106 
0.107 


30 
48 
Magnetic 


29-30 x 10° 


180 
115 
140¢, 2104 


141 
96 
120°, 190¢ 


1] 
19 
die, 14¢ 


21 
45 
99°, 504 


365 

230 
300°, 4354 
15¢, 184 


1550-1600 
1475-1550 
2300 
5] 





| 


|- 


Cr 0.70-0.90, Mo 


0.20-0.30 


0.283 
2740 
21.7 


6.3 x 10-6 
8.1 x 10-6 
0.107 


30 
48 
Magnetic 


29-30 x 106 


192 
119 
150°, 2204 


147 
99 
130°, 2004 


9 

17 
19+, iz¢ 

19 


43 
57°, 484 


380 

240 
310°, 4454 
73°, 164 


1550-1600 
1475-1550 
2300 
5] 


All grades readily weldable by oxyacetylene, inert arc and electrical resistance methods. Preheating 


desirable for AIS! 4337 and 4340 


Better corrosion resistance than plain carbon steels 








CORROSION RESISTANCE — 





Usually supplied as bars, forgings, tubing and billets, but can be obtained in all steel mill forms 








AVAILABLE FORMS 








USES Heavy duty carburized parts such as gears, | Heavy duty, high strength applications, particu- 


larly in sections over about 14 in. thick. Gears, 
| aircraft tubing, shafts, heavy forgings, churn 
drills 


bearing races 








aProperties after heat treatment are based upon oil quench and l-in. round bars. 
bThese are core properties of pseudo-carburized 1-in. bars, tempered at 300 F. 
cTempered at 1200 F. dTempered at 800 F. eBased on AISI B1112 steel = 100. 
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Chromium-Vanadium Steels 





AISI Type » 


6120 6145 6150 | 6152 





COMPOSITION, % 


PHYSICAL PROPERTIES 


C 0.17-0.22, Mn C 0.43-0.48, Mn C 0.48-0.53, Mn C 0.48-0.53, Mn 
0.70-0.90, S10.20-0.35, | 0.70-0.90, Si 0.20-0.35, | 0.70-0.90, Si 0.20-0.35, | 0.70-0.90, Si 0.20-0.35, 
Cr 9.70-0.90, V0.10 min | Cr 0.80-1.10, V0.15 min | Cr0.80-1.10, V0.15 min | Cr9.80-1.10, V0.10 min 


Density, Ib/cu in.. 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/ ‘hr /sq ft/ F Mt 2] 27 27 27 
Coef of Ther Exp 1200 F), per °F 8.1 x 10-6 8.1 x 10-6 8.1 x 10 8.1 x 10-6 
Spec Ht, Btu/Ib/°F ; eae 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm- RE OPS 21 21 21 21 
Magnetic Properties............... Magnetic Magnetic Magnetic Magnetic 
MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi 29-30 x 10° 29-30 x 10° 29-30 x 10° 29-30 x 108 
Ten Str, 1000 psi 

Normalized 1600 to 1650 F 85 115 158 _ 

Hard. & Tempered..... 105*, 125» 176°, 1364 187°, 1444 151? 
Yid Str, 1000 psi 

Normalized............. 50 75 88 — 

Hard. & Temp..... 71, 94' 169¢, 1304 179¢, 1384 125° 
Elong (in 2 in.), % 

Normalized. .... 35 24 23 - 

Hard. & Temp. 198, 21! 16°, 224 13°, 184 16: 
Red. of Area, % 

Normalized....... 67 64 62 - 

Hard. & Temp. 37, 56! 52°, 584 42¢, 534 54: 
Hardness (Brinell) 

Normalized....... 185 216 240 

Hard. & Temp...... . 429°, 3114 444c¢, 3634 
Impact Str (1zod), ft-lb 

Normalized........... 102 31 — 

Hard. & Temp. . . a", 28> 20°, 874 13¢, 634 


Fatigue Str. . 


THERMAL TREATMENT 








catwones limit is proportional to tensile strength in the same ratio as in other low alloy steels. Below 
400 Brinell, the ratio is about 50% and at 7 hardnesses it is 45 to ~ of the tensile strength 














Normalizing Temp, F.. 1650-1700 1600-1650 1600-1650 1600-1650 
Hardening Temp, F.... 1600-1650 1550-1650 1550-1650 1550-1650 
Tempering Temp, F.. 375-1200 450-1200 450-1200 450-1200 


FABRICATING PROPERTIES 


Similar to other alloy steels of low chromium content. Hot working temperatures are limited not by 
brittle ranges but by degree of malleability required for the specific application. Because of stiffening, 
cold working is somewhat more difficult than with carbon steels 


Formability. . . 


















Machinability Index‘ 





ac aa ed drdsive wee ae eae s 27 22 24 24 
cats ks acscbeatereewas 46 27 26 | 26 
I 5. oy cnc béynavecdlaeeas Weldable by all commercial welding procedures, the difficulty of welding increasing with carbon 


content. Preheating and postheating treatments sometimes necessary 





Similar to carbon steels. Chromium content too low to have appreciable influence on rate of corrosion 





CORROSION RESISTANCE 


AVAILABLE FORMS 











Available i in all standard mill forms 








USES Garbaeene gears, | Crankshafts, connecting rods, bevel and spur gears, shafts, springs, ax'es, 
shafts. piston pins and | pins 

bushings Nitrided and | 

carbonitided parts 








aTypical core properties: carburized 16 hr at 1680 F, pot cooled, oil quenched from 1425 F, tempered at 300 F. 
bSame as 4 but oil quenched from 1525 F. 

cNormalized at 1600 F, oil quenched from 1575 F, tempered at 1000 F. 

dSame as ¢ but tempered at 1200 F. 

eOil quenched from 1575 F, tempered at 1000 F. 

fBased on AISI B1112 steel = 100. 
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Properties of Materials e* IRONS AND STEELS 


Nickel-Chromium-Molybdenum Steels (8600, $700) 





AISI Type » 8620, 8720 8630 8640, 8740 8650, 8750 
| 


C 0.18-0.23, Mn 0.70- | C 0.28-0.33, Mn 0.70- | C 0.38-0.43, Mn 0.75- | C 0.48-0.53, Mn 0.75 
0.90, Ni 0.40-0.70, Cr | 0.90, Ni 0.40-0.70, Cr | 1.00, Ni 0.40-0.70, Cr | 1.00, Ni 0.40-0.70, Cr 
0.40-0.60,Mo0.15-0.25 | 0.40-0.60,Mo0.15-0.25 | 0.40-0.60,Mo00.15-0.25 | 0.40-0.60,Mo0.15-0.25 
(8620),0.20-0.30(8720) | (8640),0.20-0.30(8740) | (8650),0.20-0.30(8750) 





COMPOSITION, % 








PHYSICAL PROPERTIES 
Density, Ib/cu in 
Melting Point, F 


Ther Cond (120 F), Btu/hr/sq ft/°F/ft .. 


Coef of Ther Exp, per °F 


0 to 1200 F 
Spec Ht, Btu/Ib/°F 
Elec Res, microhm-cm 


0.283 
2755 
21.7 


6.45 x 10-6 
8.25 x 10-6 
0.107 


30 
48 
Magnetic 


0.283 
2750 
21.7 


6.45 x 10-6 
8.25 x 10 
0.107 


30 
48 
Magnetic 


0.283 
2745 
21.7 


6.45 x 10-6 
8.25 x 10-6 
0.107 


30 
48 
Magnetic 








MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 

Normalized 

As Rolled 

Annealed 

Hard. & Temp (800 F)* 
Yid Str, 1000 psi 

Normalized 

As Rolled 

Annealed 

Hard. & Temp (800 F)s 
Elong (in 2 in.), % 

Normalized 

As Rolled 

Annealed 

Hard. & Temp (800 F)* 
Red. of Area, % 

Normalized 

As Rolled 

Annealed 

Hard. & Temp (800 F)= 
Hardness (Brinell) 

Normalized 

As Rolled 

Annealed 

Hard. & Temp (800 F)* 
Impact Str (!zod, hard. & temp at 

800 F), ft-lbs 


29-30 x 106 


61 

56 

64 
63, 70» 


190 

185 

163 
245, 193» 


76, 105 


29-30 x 106 


112 

109 

86 
162, 111! 


52 

48 

99 
54, 66> 


225 

220 

174 
325, 225> 


42, 91> 





29-30 x. 106 


130 

126 

95 
208, 130% 


85 

90 

63 
183, 110° 


18 

20 

27 
13, 21° 


45 

40 

99 
43, 60» 


262 

244 

193 
420, 262» 


18, 68> 


| 
| 
| 


0.283 
2745 
21.7 


6.45 x 10-6 
8.25 x 10-* 
0.107 


30 
48 
Magnetic 





29-30 x 108 


149 

143 

105 
214, 136! 


96 

101 

70 
194, 116! 


ll 

17 

23 
12, 21' 


36 

3] 

50 
41,61! 


300 

290 

210 
423, 271» 





FABRICATING PROPERTIES 
Annealing Temp, F 
Hardening Temp, F 
Max Hot Working Temp, F 
Machinability Indexe 


1550-1600 
1525-1575 
2200 
574 





1550-1600 
1525-1575 
2200 
6le 





1550-1600 
1500-1550 
2200 
95° 


1550-1600 
1475-1550 
2150 
45¢ 








Weldability Readily weldable by oxyacetylene, inert arc and electrical resistance methods. Preheating desirable 


for grades with more than 0.30% carbon content 





CORROSION: RESISFANCE Better corrosion resistance than plain carbon steels 





AVAILABLE FORMS Usually supplied as bars, forgings, tubing or billets; sometimes in other steel mill forms 





USES Medium duty carburized parts such as gears, | Medium duty, high strength applications, par- 
cams, bearing races ticularly in sections not over approx 2 in. thick. 
Gears, bolts, aircraft tubing, hand tools, shafts, 

| forgings 








aProperties after heat treatment are based upon an oil quench and 1-in. round bars. bTempered at 1200 F. 


eBased on AISI B1112 steel = 100. 4As rolled. eAnneaied. 


50 * MATERIALS IN DESIGN ENGINEERING 
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Manganese-Silicon and 


Manganese-Nickel-Chromium-Molybdenum Steels 








AISI Type = 


9255 


9261 


9440 


9450 





COMPOSITION, % 





0.95, Si 1.80-2.20 


C 0.50-0.60, Mn 0.70- | C 0.55-0.65, Mn 0.75- | C 0.38-0.43, Mn 0.90- 


1.00, Si 1.80-2 20, Cr | 1.20, Si 0.20-0.35, Ni 





C 0.43-0.48, Mn 1.00- 
1.30, Si 0.20-0.35, Ni 


























0.10-0.25 | 0.30-0.60, Cr 0.30-0.50, | 0.30-0.60, Cr 0.30-0.50, 
| Mo 0.08-0.15 Mo 0.08-0.15 
PHYSICAL PROPERTIES | 
ee 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft... 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F.... 8.1 x 10° 8.1 x 10-6 8.1 x 106 8.1 x 10-6 
Spec Ht, Btu/Ib/°F............ 0.10-0.11 0.10-0.11 0.11-0.12 0.11-0.12 
Elec Res (68 F), microhm-cm. 19 20 20 20 
Magnetic Properties Magnetic Magnetic Magnetic Magnetic 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi 29 x 108 29 x 106 | 29 x 106 29 x 106 
Ten Str, 1000 psi 
Normalized re 1328 150¢ 115e 158¢ 
Hard. & Temp (800 F) 232' | 2584 192! 210¢ 
Hard. & Temp (1200 F) 144! 1484 120! 132 
Yld Str, 1000 psi 
Normalized 90 80 74 110 
Hard. & Temp (800 F) 215 226 179 192 
Hard. & Temp (1200 F) 118 125 102 120 
Elong (in 2 in.), % | | 
Normalized............. 18 | 15 | 24 15 
Hard. & Temp (800 F).... 9 10 15 12 
Hard. & Temp (1200 F). . 20 18 23 20 
Red. of Area, % | | 
Normalized........... 38 30 | 50 30 
Hard. & Temp (800 F).......... 21 30 56 48 
Hard. & Temp (1200 F)........ 42 40 67 57 
Hardness (Brinell) 
Normalized........... 277 311 235 331 
Hard. & Temp (800 F)............... 477 514 388 429 
Hard. & Temp (1200 F)............... 285 311 248 285 
Impact Str (1zod), ft-lb 
ES 12 5 48 8 
Hard. & Temp (800 F)........... a 6 | 12 | 35 14 
Hard. & Temp (1200 F).............. 22 | 35 99 72 
THERMAL TREATMENT 
Normalizing Temp, F.............. acess 1625-1675 1600-1650 1575-1625 1575-1625 
Hardening Temp, F.................... 1500-1650 1500-1650 1500-1550 1500-1550 
FABRICATING PROPERTIES 
Hot Working Temp Range, F............. 1750-2175 1750-2175 1750-2175 1750-2175 
Machinability Index (AISI B1112 
Te. dcaess 940s enedeedeses 38 36 42 40 
ES Py a Welding not normally recommended because | High carbon content introduces difficulty in 





CORROSION RESISTANCE 


culty 


high carbon and silicon contents introduce diffi- 


welding. With special techniques and electrodes, 


satisfactory arc welds can be made 





Better than plain carbon steels in industrial atmosphere and about the same when continuously 
exposed to moisture. If salts are present, corrosion is increased. Attacked readily by acids, but 
resistant to alkalis at ordinary temperatures 





AVAILABLE FORMS 


Billets, bars, forgings 








USES 





collets for machine toc 


Coil and flat springs, lock washers, axes, chisels, 
hand tools, diese! engine connecting rod bolts, 


Is 


bolts; chain: gears 


Not in general use today. Formerly used for 
automotive, diesel engine and aircraft parts; 





aNormalized at 1659 F. 
cNormalized at 1600 F. 
eNormalized at ituu F. 







bNormalized at 1650 F, reheated to 1625 F, quenched in agitated oil. 
dNormalized at 1600 F, reheated to 1575 F, quenched in agitated oil. 
fNormalized at 1600 F, reheated to 1525 F, quenched in agitated oil. 
eNormalized at 1600 F, reheated to 1500 F, quenched in agitated oil. 
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Properties of 


Materials 


Austenitic Stainless Steels 


IRONS AND STEELS 











AISI Type » 


301 302 303 


304 , 304 ELC 





COMPOSITION, % 








PHYSICAL PROPERTIES 

Density, Ib/cuin.......... ica ig slats 

Melting Point Range, F............. 
Ther Cond (212 F), Btu/hr/sq ft/°F, ft 

\ Coef of Ther Exp (32-212 F), per °F. 
} Spec Ht (32-212 F), Btu/Ib/°F 
Elec Res (68 F), microhm-cm 














MECHANICAL PROPERTIES» 
Mod of Elast in Tension, psi.......... 
Ten Str, 1000 psi 
TG lig hos a ica ebews 
Cold Worked?............. 

Yid Str, 1000 psi 
ee 
a i cc ccccveudcices es 

Elong (in 2 in.), % 
se A a 
ee 

Red. of Area, % 

Annealed 



















Hardnesse 
RE Sa eet me. ara 
Cold Worked. . eee | Pere 

Impact Str (Izod), tt- Ib 
Annealed............... 

Cold Worked. . 

Endurance Limit, 1000 psi 
EE at 
Cold Worked................ 

Creep Str (1% ext in 1000 wn psi 
1000 F..... | 
) | 
IS00 F.... 
























FABRICATING PROPERTIES 
Annealing Temp, Ff................... 
Forging Temp (start), Fe............... 
Machinability........ 













Weldability..... 











CORROSION RESISTANCE 






AVAILABLE FORMS | 





C 0.08-0.20, Mn 2 max, C 0.08-0.20, Mn 2 max, | C 0.15 max, Mn 2 max, 
Si 1 max, P 0.04 max, | Si 1 max, P 0.04 max, | P, S or Se 0.07 min, 
S 0.03 max, Cr 16-18, | S 0.03 max, Cr 17-19, 


Ni 6-8 Ni 8-10 Ni 8-10, Mo or Zr 0.60 | 
max 
0.29 0.29 0.29 
2550-2590 2550-2590 2550-2590 
9.4 9.4 9.4 
9.5 x 10-64 9.9 x 10-6 9.9 x 10-6 
0.12 0.12 0.12 
72 72 72 


28.0 x 108 28.0 x 108 28.0 x 108 
110, 105, — 90, 90, 85 — 
EE any anyone, 110 ., 110 
40, 40, — 40, 35, 35 35 
140, —, - a 75° 
60, 55, — 50, 60, 60 ,—, 50 
ta, —, 35° —, 30° 
— —, 70, 70 — 
~- —, —, 60° — 
R85, —, - Re85, R80, 150 y=, 
Re4l, — — —, —, 240° —, 240° 
—, 165, -, 110, 110 , 80 
35, 39, - woth 35 
a Pe : 
17,000 
4,000 
1,200 


1850-2050 1900-2050 1850-2050 
2200 2100 2100 
— Fair; tough Good ; about 65% 


of screw stock 





Very good Not recommended; may crack 


Very good atmosphere | Excellent atmosphere | 

resistance; slightly less | resistance; also resists 

than type 302 food products, acids 
and other chemicals 





Very good shinsebhere 
resistance; some resis- 
tance sacrificed for 
better machinability 














| 
| . ° 
Sheet, strip, wire | Sheet, strip, plate, bar, | Bar, wire 


| wire 








USES 







| General 5 purpose, but 
| where better machin- 


ability (than type 302) 
| is required 


Lightweight, high | 
strength applications; | 
transportation equip- | 


General purpose 





ment, roof drainage | 
and trim | 


| 
| 
| 


C 0.08 max (304) or 
0.03 max (304 ELC), 
Si 1 max, Cr 17-19, | Mn 2 max, Si 1 max, 
P 0.04 max, S 0.030 


max, Cr 18- 20, Ni 8-11 








0.29 
2550-2650 
9.4 
9.9 x 10° 
0.12 
72 (70 F) 


. 28.0 x 108 


85, 85, 85 


-, 110° 


35, 30, 35 


,—, 15° 


50, 60, 60 


-, —, 60 
-, 70, 70 


R380, 150, 150 


—, —, 240° 


, 110, 110 
-, 90° 


35, 35, 34 


17,000 
4,000 
1,200 


1900-2050 
2200 


Fair; tough 


Excellent atmosphere 
ance; slightly 


resist 
better 


Very good 


than type 302 





| Sheet, 


Light welded construc- 
tion where corrosive 
ons are not too 


conditi 
severe 


strip, plate, bar, 
wire 








aFor 32-600 F range. bWhere three 
eCold drawn, high tensile 114-in. dia bar. 


















eValues are Brinell except where Rockwell scale is noted. 
gFinish forging all grades at 1700 F or above. 


values are given, they represent sheet, plate and bar in that order. 


dMinimum value at full hard temper. 
{Cool rapidly after anneal. 
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Austenitic Stainless Steels—concluded 





AISI Type »> 


309 


316, 316 ELC | 321 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cuin......... 
Melting Point Range, F.... 
Thermal Conductivity (212 F), 

Btu/hr/sq ft/°F/ft......... 

Coef of Ther Exp (32-600 F), per F. 
Specific Heat (32-212 F), Btu/Ib/°F 
Electrical Resistivity (68 F), microhm-cm 





MECHANICAL PROPERTIES®* 
Mod of Elast in Tension, psi... . 
Tensile Strength (annealed), 1000 psi 
Yield Strength (annealed), 1000 psi 
Elongation (in 2 in., annealed), % 
Reduction of Area (annealed), % 
Hardness (annealed)”. . 
Impact Strength (Izod, annealed), ft Ab 
Endurance Limit (annealed), 1000 psi... . 
Creep Strength (1% ext in 10,000 hr), psi 
1000 F. . 
1300 F 
1500 F 
FABRICATING PROPERTIES 
Annealing Temp, F 
Forging Temp (start), | 
Machinability. . 
Weldability. . . 


CORROSION RESISTANCE 


AVAILABLE FORMS 


USES 


C 0.20 max, Mn 2 max, P | C 0.10 max (316), C 0.03 | C 0.08 max, Mn 2 max, 


0.04 
Si 1 
12-15 


Excel 


Sheet, strip, plate, bar, 


wire 


max, S 0.03 max, 
max, Cr 22-24, Ni 


0.29 
2550-2650 


8 

9.3 x 10-6 
0.12 
78 


29.0 x 108 
90, 95, 95 
45, 40, 40 
45, 45, 45 
sn, ig 

R185, 170, 160 

,—, 110 


15,900 
4,500 
1,000 


1900-2050 
2150 
Fair; tough 
Good 


lent atmosphere re- 
sistance ; better than type 
302. Resists destructive | 
heat scaling up to 2000 F | 


| max (316 ELC), Mn2max, | Si 1 max, P 0.04 max, 
| Si 1 max, P 0.04 max, S | S 0.03 max, Cr 17-19, 
| 0.03 max, Cr 16-18, Ni | Ni 8-11, Ti5xC 


10-14, Mo 2-3 
0.29 0.29 
2500-2550 2550-2600 
9.4 9.3 
9.0 x 10 9.5 x 10-6 
0.12 0.12 
74 72 (70 F) 
28.0 x 10° 28.0 x 108 
90, 85, 80 90, 85, 85 
40, 35, 30 35, 30, 35 
50, 55, 60 50, 55, 55 
,—, 10 —, —, 65 
R85, 150, 150 R80, 160, 150 
—, —, 110 , 110 
39, 39, 38 -, 38 
25,000 18,000 
7,900 4,500 
2,800 850 
1850-2050 1900-2050 
2200 2250 
Fair; tough Fair; tough 
Very good Very good 


Best of any standard | Excellent atmosphere re- 


Stainless steel. Greater 


sistance; similar _tvpe 


resistance than type 302 | 302. Not subject to harm- 


to reducing acids, sea | ful carbide precipitation 
water and other corrosive | 

media causing pitting 

type of corrosion. Inter- 

granular corrosion due to 


| welding eliminated in 316 | 


ELC 


Sheet, strip, plate, bar, | Sheet, strip, plate, bar, 
wire wire 








Heat resisting applications | | 


| that operate at high tem- 


Processing ‘equipment | | Welded equipment used 
exposed to severe corro- | in the unannealed con- 
sive media. Stressed parts | dition and exposed to 
| corrosive conditions. 
| Equipment that must 
| operate in the sensitiza- 

tion range (800-1650 F) 


peratures 





aWhere three values are given, they represent sheet, plate and bar in that order. 
bValues for sheet are Rockwell; values for plate and bar are Brinell. 


eFinish forging all grades at 1700 F or above. 
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Properties of Materials * IRONS AND STEELS 


Martensitic Stainless Steels 





| 


AISI Type =» 403,410 | ate 420 431 





COMPOSITION, % C 0.15 max, Cr | C 0.15 max, Cr{C 0.15 max, Cr} C >0.15,Cr12-14 | C 0.20 max, Cr 

11.5-13.5 11.5-13.0, Ni 1.25- | 12-14, P, S or Se 15-17, Ni 1.25-2.50 

2.5 0.07 min, Mo or Zr 
| 0.06 max 











PHYSICAL PROPERTIES 
Density, Ib/cu in 0.28 0.28 0.28 0.28 0.28 
Melting Point, F 2700-2790 — | 2700-2790 2650-2750 2659 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft.. 14.4 14.4 | 14.4 14.4 11.7 
Coef of Ther Exp, per °F 





55x10 | 58xl0® | 455x106 | 57x106 6.5 x 10 
6.5 x 106 6.5 x 10-6 6.8 x 10 





Spec Ht (32-212 F), Btu/Ib/°F 0.11 | 0.11 | 0.11 0.11 0.11 
Elec Res (rm temp), microhm-cm....... 57 70 57 55 72 
Magnetic Properties Magnetic Magnetic | Magnetic Magnetic | Magnetic 


—| — eesiitianensacinia 








MECHANICAL PROPERTIES 
Ten Str, 1000 psi | 
in go 5 ine 9 sears 65-75 115-120 15 95 125 
Hard. & Temp ee 90-190 120-200 90-190 230 125-205 
Yid Str. 1000 psi 
Annealed 35-50 90-105 40 50 95 
Hard. & Temp 60-145 | 105-150 | 60-145 195 90-155 
Mod of Elast in Tension, 1000 psi....... 29.0 x 108 29.0 x 108 29.0 x 10° 29.0 x 10° 29.0 x 108 
Elong (in 2 in.), % 
ye 25-35 15-20 | 30 25 20 
Hard. & Temp.... ae 15-30 15-20 12-25 8 15-20 
Hardness (Brinell) 
Annealed ; oie 155 235 155 260 
Hard. & Temp Said 180-390 | 250-410 180-390 260-415 
Impact Str (Izod), ft-lb 
Annealed , 90 50 | 70 _ 
Hard. & Temp 35-75 45-50 20-60 30-50 
Endurance Limit (annealed), 1000 psi. . 40 | 45 40 45 
Creep Str (1% ext in 10,000 hr, 
annealed), psi 








9200 9200 
1000 | - 1000 








| 








THERMAL TREATMENT 
Annealing Temp, F........ ro 1500-1650 — 1550-1650 — 
Hardening Temp, F............66.05. 1700-1850 1800-1900 1700-1850 1800-1900 1800-1950 


1500-1650 | 
Tempering Temp, F 400-1400 400-1300 | 400-1400 | 300 -700 400-1200 
| 





FABRICATING PROPERTIES | | 

Machinability bashntea Fair Poor | Good; 80% of | Fair Poor 
screw stock 
Weldability Fair; small welds | Poor | Poor Fair Poor 
can be annealed | 


Forging Temp (start), F 2000-2200 2100-2200 | 2100-2300 | 2000-2200 2100-2250 








CORROSION RESISTANCE Good resistance to weather and water; also good resistance to some chemicals 





AVAILABLE FORMS Plate, sheet, strip. bar, tube, rounds, structural and bar shapes, round and flat wire, tubing 





USES Steam turbine | Springs, knife | Automatic screw | Cutlery, surgical High strength parts 
blades, highly | blades, tempered | machine parts instruments, ball 


stressed parts rules bearings. magnets 
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Martensitic Stainless Steels—concluded 





AISI Type * 440A | 440B | 440C 501 902 





COMPOSITION, % C 0.60-0.75, Cr} C 0.75-0.95, Cr jC 0.95-1.20, Cr} C > 0.10, Cr 4-6 | C 0.10 max, Cr 4-6 
16-18, Mo 0.75 max | 16-18,Mo 0.75 max | 16-18,Mo0.75 max 








PHYSICAL PROPERTIES 


Density, Ib/cu in................ ng 0.28 0.28 0.28 0.28 0.28 
is ccs checked hese ewe 2500-2750 2500-2750 2500-2750 2700-2800 2700-2800 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft. 14.0 14.0 14.0 21.2 21.2 
Coef of Ther Exp, per °F 

5 er rere reer errr 5.6 x 10-6 5.6 x 10 5.6 x 106 6.2 x 106 6.2 x 10* 

CP schcccudebade wee cn cn nd — — — 7.3 x 106 7.3 x 10 
Spec Ht (32-212 F), Btu/Ib/°F......... 0.11 0.11 0.11 0.11 0.11 
Elec Res (rm temp), microhm-cm ...... 60 60 60 40 40 
Magnetic Properties........ Pesci yal Magnetic Magnetic | Magnetic Magnetic Magnetic 








MECHANICAL PROPERTIES 

















Mod of Elast in Tension, 1000 psi...... 29.0 x 108 29.0 x 108 29.0 x 10° 29.0 x 106 29.0 x 108 
Ten Str, 1000 psi 

ie cears caeiennceeea ss 105 107 110 70 65-70 

ere ree ee 260 280 285 115-175 — 
Yld Str, 1000 psi 

Annealed........... ini Rec eel 60 | 62 65 30 25-30 

Hard. & Temp............-..0-.... 240 270 | 275 | 90-135 a 
Elong (in 2 in.), % | | 

I  csccsesscecsoesssecas 20 | 18 | 14 | 28 30 

Hard. & Temp... 0... -..0ecceceee. a | 3 | 2 15-20 - 
Hardness (Brinell) | 

Annealed......... Lala ei iee cea 215 | 220 230 160 150 

das save y aenvenes 510 555 580 240-370 — 
impact Str (Izod), ft-lb 

ch esctcvasenecscscayan , 2 2 2 — 85 

8 ere 4 3 2 —_ | — 
Endurance Limit (annealed), 1000 psi. .. 40 | 40 | 40 | 35 35 


Creep Str (1% ext in 10,000 hr, | 
annealed), psi _ mn om stamens -_ 
9500 





























13 Foo Not used in fatigue application | | OS 
THERMAL TREATMENT | | | 
rr 1550-1650 1550-1650 1550-1650 1525-1600 | 1525-1600 
Hardening Temp, F................... 1850-1950 1850-1950 1850-1950 1600-1700 —* 
Tempering Temp, F..............0006. 300-800 300-800 300-800 400-1400 
FABRICATING PROPERTIES | | 
RR ae re Fair Fair Fair | 
is ku ce hanacnen nd opin nedals Welding not gene- | Welding not gene- Welding not 
rally recommended | rally recommended | recommended | 
Forging Temp (start), F............... 1900-2200 1900-2150 1900-2100 | — 
CORROSION RESISTANCE Good resistance to weather and water; also good resistance to some chemicals 
AVAILABLE FORMS Plate, sheet, strip, bar, tube, rounds, structural and bar shapes, round and flat wire, and tubing 
USES Instruments, cutlery, valves Applications requiring heat resistance 


and good mechanical properties at 
elevated temperatures 











aGenerally used in annealed condition only. 
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Properties of Materials 


Cast Carbon Steels 


IRONS AND STEELS 





Class? » 


60,000 


80,000 


85,000 


100,000 





PHYSICAL PROPERTIES 
Density, Ib/cu in........ 
Ther Cond (212 F), 
Btu/hr/sq ft/°F /ft 
Coef of Ther Exp 
(70-1200 F). per °F 
Spec Ht, Btu/Ib/°F 
Elec Res (68 F), microhm-cm. . . 
Magnetic Properties 
MECHANICAL PROPERTIES» 
Mod of Elast in Tension, psi. . 
Ten Str, 1000 psi 
Yid Point, 1000 psi. . 
Elong (in 2 in.), %.. 
Red. of Area, %.......... 
Hardness (Brinell)...... 
Impact Str (Izod), ft-lb 


Endurance Limit, 1000 psi...... 





THERMAL TREATMENT 
Annealing Temp, F 
Quenching Temp, F........... 


FABRICATING PROPERTIES 
Machinability Index« 





Weldability 


CORROSION RESISTANCE 


USES 


0.283 
27 


8.3 x 10-6 
0.10-0.11 
13-16 
Magnetic 


30.1 x 106 
60° 
30° 
32° 
95° 
120° 


30° 
Se 
25¢ 


27 


8.3 x 10-6 
0.10-0.11 
13-16 
Magnetic 


30.1 x 10° 
654 
304 
30¢ 
534 
130¢ 


304 
124 
284 


27 


8.3 x 10-6 
0.10-0.11 
13-16 
Magnetic 


30 x 108 
704 
384 
284 
504 

1404 


304 
104 
3]4 





60 


About 200 F above critical range 
About 100 F above critical range 


65 


0.283 
27 


8.3 x 106 
0.10-0.11 
13-16 
Magnetic 


29.9 x 108 
80° 
45° 
26° 
430 

160° 


25¢ 
12e 
35° 


10 


0.283 
27 


8.3 x 106 
0.10-0.11 
13-16 
Magnetic 


29.9 x 108 
85° 
50° 
24¢ 
4Qe 

175° 


20¢ 
10° 
38¢ 


a7 


/U 


0.283 
2] 


8.3 x 10-6 
0.10-0.11 
13-16 
Magnetic 


29.7 x 10° 
100£ 
10! 
208 
465 
200! 


30! 
15! 
47‘ 





Can be welded by procedures used for welding wrought steels of similar composition 
When brought into contact with moisture and air, carbon steels rust at rates that are not affected by carbon 
content. If salts are present, corrosion rate is increased. Attacked readily by acids, but resistant to alkalis at 
ordinary temperatures 


Applications requiring | Applications requiring 
high strength with good | wear resistance and hard- 
machinability, toughness | ness 


and excellent fatigue | 
| resistance 


Applications requiring | Applications requiring 
low electrical resistivity, | excellent weldability; 
good magnetic properties, | medium strength with 
carburizing and case har- | good machinability and | 
dening, weldability high ductility 





“Tensile strength, psi. 


bNormally expected values for steel castings having tensile strength given. 


cAnnealed. 

dNormalized. 

eNormalized and tempered. 
fQuenched and tempered. 


gBased on AISI B1112 steel = 100. 
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Formerly Materials & Methods 








Cast Low Alloy Steels* 


























Class> » 70,000 80,000 | 90,000 100,000 110,000 
| 
PHYSICAL PROPERTIES | | 
Density, Ib/cu in. 0.283 | 0.283 0.283 0.283 0.283 
Ther Cond (212 F), ‘Btu, ht) sq 
eee 27 27 27 27 27 
Coef of Ther Exp on 1200 whee 
per °F... 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3x10° |  8.0-83x 10° 8.0-8.3 x 10-6 
Spec Ht, Btu/Ib/ oF Pe ikd , 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-cm... 15-20 15-20 15-20 | 15-20 15-20 
Magnetic Properties.......... Magnetic wnstnadl Magnetic Magnetic Magnetic 
MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi.... 29-30 x 106 29-30 x 10° 29-30 x 10° 29-30 x 108 29-30 x 108 
Ten Str, 1000 osi.............. 70° 80¢ 90¢ 100¢ 110° 
Yid Point, 1000 psi........... 45 50 60 68 85 
Elong (in 2 in.), %. —r 26 24 22 20 20 
Red. of Area, %............... 56 50 46 42 45 
Hardness (Brinell)... ne 150 170 190 209 235 
Impact Str earn * ft-lb 
70 F.. om 35 30 26 22 23 
ee 25 20 15 12 18 
Endurance limit, 1000 psi..... 33 38 4} 45 49 
THERMAL TREATMENT 
Annealing Temp, F. About 200 F above critical range 
Quenching Temp, F About 100 F above critical range 
FABRICATING PROPERTIES 
Machinability Index?...... 65 70 70 65 60 


peanraastaidah 


CORROSION RESISTANCE 


USES 





Can be welded by procedures used for wrougm si steels softs similar composition 


Similar to corrosion resistance of carbon steels 

Applications requiring excellent wold- Applications requiring toughness or ex- 
ability; medium strength with high | cellent high temperature and deep 
toughness and good machinability; good | hardening properties 

high temperature properties 





| 





Applications re- 
quiring high re- 
| sistance to impact; 
excellent low tem- 
perature proper- 
ties; deep harden- 
ing; or excellent 
combination of 
strength and 
toughness 





aBelow 8% total alloy content. 
bTensile strength, psi. 
cNormally expected values for steel castings having tensile strength given. 
dBased on AISI B1112 steel = 100. 

eNormalized and tempered. 
fQuenched and tempered. 
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Properties of Materials * {IRONS AND STEELS 


Cast Low Alloy Steels—concluded 




































Class> » 120,000 150,000 | 175,000 | 200,000 





PHYSICAL PROPERTIES | 


ORIN, FASO TRS ccc een dccssccs. 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/ 

> ROS ae eee 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F.. 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3 x 10- 
Specific Heat, Btu/Ib/°F........... 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-cm....... 15-20 15-20 15-20 | 15-20 


Magnetic Properties............... Magnetic | Magnetic | Magnetic | Magnetic 











MECHANICAL PROPERTIES® | 


Mod of Elast in Tension, psi........ 29-30 x 10° 29-30 x 10° 29-30 x 10° 29-30 x 10° 
Ten Str, 1000 psi.......... * 120! 150! 175! 200! 
Yid Point, 1000 psi. . Pee 95 125 148 170 
Elong. (in 2 in.), %. .. : 16 12 8 5 
Red. of Area, %.... + 38 25 20 ll 
Hardness (Brinell)........ Y 245 300 340 400 
Impact Str (Charpy), ft-Ib 

ee ae 20 14 10 

_ JS one ieeses 16 10 6 
Endurance Limit, 1000 psi......... 55 65 77 85 








THERMAL TREATMENT 
Annealing Temp, F.... ay About 200 F above critical range 
Quenching Temp, F............... About 100 F above critical range 


FABRICATING PROPERTIES | | 























Machinability Index? .. : 50 20 7 | - 

ee | Can be welded by procedures used for wrought setts of sieaiter conpuiliien pe 
CORROSION RESISTANCE Generally similar to carbon “te a. ct: . en 
eS Applications requir- | Applications requir- | Applications requiring high strength, wear 


ing high resistance to | ing deep hardening, | resistance, high hardness, high fatigue re 
impact, excellent low | high strength, wear | sistance 

temperature proper- | resistance, fatigue | 

ties, deep hardening; | resistance 

excellent combina- 

tion of strength and | 

toughness 








aBelow 8% total alloy content. 

bTensile strength, psi. 

cNormally expected values for steel castings having tensile strength given. 
dBased on AISI Bill2 steel = 100. 

fQuenched and tempered. 
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Cast Stainless Steels 











ACI Type » CA-15 CA-40 CB-30 CC-50 
COMPOSITION, % Cr 11.5-14.0, Ni 1.0 | Cr 11.5-14.0, Ni 1.0 | Cr 18-22, Ni 2.0 max, | Cr 26-30, Ni 4.0 max, 
max, C 0.15 max, Mn | max, C 0.20-0.40, Mn | C 0.30 max, Mn 1.00 | C 0.50 max, Mn 1.0 
1.0 max, Si 1.5 max ‘| 1.00 max, Si 1.50 max | max, Si 1.00 max | max, Si 1.0 max 
PHYSICAL PROPERTIES 
Density, Ib/cuin....... 0.275 0.275 0.272 0.272 
ET oh cc ccnsscanerens xs 2750 2725 2725 2725 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft 14.5 14.5 12.8 12.6 
Coef of Ther Exp (70-1000 F), per °F 6.4 x 10 6.4 x 10 6.5 x 10* 6.4 x 10° 
Spec Ht (70 F), Btu/Ib/°F...... 0.11 0.11 0.11 0.12 
Elec Res (70 F), microhm-cm. 78 76 76 | 77 
| Magnetic 


Magnetic daca ees : Magnetic Magnetic Magnetic 


MECHANICAL PROPERTIES | 








Mod of Elast in Tension, psi 29 x 10° 29 x 108 29 x 10° 29 x 108 

Ten Str, 1000 psi | 
Annealed..... _ _ 954 97° 
As Cast. . eee ; — — _ 70-95 
Hard. & Temp. . ve 200*, 100' 220%, 110 _ . 

Yid Str (0.2% offset), 1000 psi | 
Annealed........... . 604 65: 
As Cast....... ~- . i | 60-65 
Hard. & Temp. . 150*, 75! | 165%, 67 - 

Elong (in 2 in.), % 

Annealed... : 154 18¢ 
As Cast. ... ~ — _ 2-15 
Hard. & Temp... 7*, 30' 18, 18: - 

Hardness (Brinell) 

Annealed..... | 1954 210° 
As Cast..... ; — _ _ 193-212 
so . ccodwhacbasaeevnas 3904, 185! 4702, 212 _ 

Impact Str ney, — notch), ft-lb 
Annealed. . — 24 
As Cast cag — — 2-45 (Izod V notch) 
Hard. & Temp 15%, 35! 1s, 3¢ — 





THERMAL TREATMENT 
Annealing Temp, F! 1450-1650 f.c. 1450-1650 f.c. 1450 f.c. and 1000 a.c. | 1450 f.c. or a.c. 
Hardening Temp, F' 1800-1850 a.c. or 0.q. | 1800-1850 a.c. or 0.q. | Practically nonharden- | Nonhardenable by heat 

able by heat treatment | treatment 

Tempering Temp, F < 600 or 1100 1500. Highest strength by temper 

ing below 600 


FABRICATING PROPERTIES 
Castability... Section thicknesses from %¢ in. up can be cast satisfactorily. Somewhat lighter sections can be cast 

in some parts. Difficult-to-run thin sections and designs involving appreciable changes in section 

ee be avoided. Normal shrinkage for these alloys is %4 in. per ft, except CC-50 which shrinks 
eo in. per ft 

Weldability .| Can be welded by metal arc, inert-gas-arc and oxyacetylene gas methods. Metal arc most frequently 

used. Oxyacetylene welding not advisable because of possible reduction in corrosion resistance 

resulting from carbon pick-up. a should be preheated and pane 


CORROSION RESISTANCE Good atmospheric corrosion resistance. Excelle nt | | Resists nitric acid, | Excellent resistance to 
resistance to many organic media in relatively | alkaline solutions, | | di ilute sulfuric acid tn 
mild service | many organic chemi- | mine waters, mixed 


ca's, oxidizing atmos- | nitricandsulfuricacids, 
pheres up to 1400 F | and oxidizing acids of 
all types 





USES Pumpcasings,bushings | Choppers, cutting | Furnace brackets and | | Bushings, cylinder 
and liners, impellers, | blades, cylinder liners, | hangers, pump parts, boy pump casings 
| 


shafts, turbine blades, | pump parts, steam tur- | rabble arms, tube sup- | and impellers, valve 
stuffing boxes, valve | bine parts, molds and | ports, valve bodies and | bodies and seats 
bodies and trim, fur- | dies parts 

nece burner tips 











sAir cooled from 1800 F, tempered at 600 F. dAnnealed at 1450 F, furnace cooled to 1000 F, air cooled 
bAir cooled from 1800 F, tempered at 1450 F. eAir cooled from 1900 F. 
eAir cooled from 1800 F, tempered at 1400 F. ff.c. = furnace cool, a.c. air cool, 0.q. = oil quencl 







continued 
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Properties of Materials 





Cast Stainless Steels—continued 


IRONS AND STEELS 









ACI Type » 


CE-30 


CF-8 | 


CF-20 


CF-8M, CF-12M 


CF-8C 





COMPOSITION, % 


PHYSICAL PROPERTIES 
IN, de sn cdsssngesenss 
rene 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft.. 
Coef of Ther Exp (70-1000 F), per °F. 
Spec Ht (70 F), Btu/Ib/°F............ 
Elec Res (70 F), microhm-cm....... 
Magnetic Permeability 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi........ 
Ten Str, 1000 psi 
As Cast. . eel Teer ee 
Water Quenched®. . 
Yid Str (0.2% offset), 1000 psi 
Cs dates scacnees « icaeisaes 
Water Quenched®............. 
Elongation (in 2 in.), % 
As Cast 
Water Quenched®......... 
Hardness (Brinell) 
As Cast 
Water Quenched®........ 
Impact Str (Charpy gg notch, 
water quenched*), ft-lb. . 


eeeeeesresr eee eer esr ese eeeerees 


FABRICATING PROPERTIES 
Castability......... 


Quenching Temp, F'....... 


Weldability. . . 


CORROSION R RESISTANCE 


USES 


Cr 26-30, Ni 8- Ms 
C 0.30 max, 
1.50 max, Si by 
max 


0.277 
2650 


9.6 x 10-6 
0.14 
85 
>1.5 


25 x 106 


95 
97 


60 
63 


15 
18 


170 
170 


Cr 18-21, Ni 8-11, | 
C 0.08 max, Mn | 
1.50 max, Si 2.00 | 


| max 


0.280 
2600 


10.0 x 10-8 
0.12 
76 
1.0-1.3 


28 x 108 


37 
95 


140 


74 


Cr 18-21, Ni 8-11, 
C 0.20 max, Mn 
1.50 max, Si 2.00 
max 


0.280 
2575 


10.4 x (10° . 
0.12 
1.01 


28 x 108 


36 


50 


163 


60 





Cr 18-21, Ni 9-12, 
Mo 2.0-3.0, C 0.08 
(CF-8M) or 0.12 
| (CF- 12M), Mn 1.50 
max, Si 2.00 max 





0.280 
2550 
9.4 
9.7 x 10-6 
0.12 
82 
1.50-2.50 


28 x 108 


156-170 


70 


| Cr 18-21, Ni 9-12, 


Cb 1.0 maxi, 
C 0.08 max, Mn 
1.50 max, Si 2.00 
max 


Section thicknesses from %¢ in. up can be cast satisfactorily. Somewhat lighter sections are also possible 
in some parts. Good castability of these alloys permits designs involving intricate shapes, but drastic 
changes in section should be avoided and uniform thickness should be maintained as far as possible 


1950-2050 





1950- 2050 


2000-2100 


1950-2100 





1950 2050 


Can be welded by metal arc, inert-gas arc and oxyacetylene gas methods. Metal arc most frequently 
used. Oxyacetylene welding not advisable because of possible reduction in corrosion resistance caused, 
by carbon pick-up. Preheating not necessary, but castings should be quenched from the range 1950 to 
2100 F to restore maximum corrosion resistance. This heat treatment is not always necessary, however 
with CE-30 and CF-8C alloys 





Particularly resis- 
tant to sulfurous 
acid, mixtures of 
dilute sulfuric and 
sulfurous acids, 
sulfuric and ni- 
tric acids, and 
sulfites 








Process equipment. 
such as digester 
fittings, fractionat- 
ing towers, piping, 
pump bodies and 
casings, valve 
bodies and parts 





Resists strongly 
oxidizing media 
such as boiling 
nitric acid, sulfuric | 
acid and sulfates, | 
and organic acids | 

| 

| 


Autoclaves, blast 
furnaces, bushings, 
filter press plates, 
hardware, headers 
and heating coils, 
pump parts, spray 
nozzles, valve parts 





Similar to CF-8 
but used under 


less drastic con- 


ditions 


Cylinder liners, 
pumps, return 
bends, rolls, cir- 
cuit breaker parts, 
valve parts 





| 


Resists reducing 
media. More resis- | 
tant to pitting cor- | 
rosion than CF-8 | 
in contact with 


chlorides. Not as | 





_ resistant to boiling | 


nitric acid as CF-8 





Agitators, evapora- 
torparts, jetengine 
components, spray 
nozzles, high pres- 
sure steam valves 





Similar to CF-8 





Aircraft shroud 


assemblies, auto- 
claves, chemical 
tubing, fittings, jet 
engine parts, 
marine fittings 





gAfter heat treatment. 
hWater quenched from 2000 F. 





iWater, oil or air quench. 
jiMinimum is eight times carbon content. 
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Cast Stainless Steels—concluded 





ACI Type »> 


| 


CF-16F | CH-20 CK-20 


CN-7M 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cuin.......... 
Lt ee 
Thermal Cond (212 F), Btu/hr/sq 
2 errr 
Coef of Ther Exp (70-1000 F), per °F 
Specific Ht (70 F), Btu/Ib/°F. . 
Elect Res (70 F), microhm-cm 
Magnetic Permeability........... 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi®........... 
Yid Str (0.2% offset), 1000 psi' 
Elong (in 2 in), %» : 
Hardness (Brinell)®........ 
Impact Str 
(Charpy, keyhole notch), ft-Ib®.. 





FABRICATING PROPERTIES 
Castability. ... 
Quenching Temp, F 


Weldability 





CORROSION RESISTANCE 


USES 


0.16 max, Mo 1.50 max, | 0.20 max, Mn 1.50 max, 


Cr 18-21, Ni9-12,C | Cr 22-26, Ni12-15,C | Cr 23-27, Ni 19-22, C 


0.20 max, Mn 1.50 max, 











Se 0.20-0.35, Mn 1.50 | Si 2.00 max Si 2.00 max 
max, Si 2.00 max | 
0.280 | 0.279 0.280 
2550 | 2600 2600 | 
| 
9.4 8.2 8.2 
9.9 x 10-6 9.6 x 10-6 9.2 x 10-6 
0.12 | 0.12 | 0.12 
72 84 | 90 
1.0-2.0 | 1.7le 1.02 
28 x 108 | 28 x 108 29 x 108 
77 | 88 76 
40 50 38 
52 38 37 | 
150 190 | 144 | 
75 30 46(\zodV notch) | 





Section thicknesses from %. in. up can be cast satisfactorily. Somewhat | 
possible on some parts. Good castability permits designs involving intric 
changes in section should be avoided 


Cr 19-22, Ni 27.5-30.5, 
Mo 1.75-2.50, Cu 3.00 
min, C 0.07 max, Mn 

1.50 max, Si 1.50 max 


0.289 
2650 


12.1 
9.7 x 10-6 

0.11 

90 
1.01-1.10 


24 x 106 
69 
31.5, 
48 

130 








70 


ighter sections are also 
ate shapes, but drastic 





2000-2100 2000-2100 2000-2150 


1950-2050 





Can be welded by metal arc, inert-gas-arc, and oxyacetylene gas methods. 
used. Oxyacetylene welding not advisable because of possible reduction in 
sulting from carbon pick-up 


Metal arc welding most 
corrosion resistance re- 





Preheating not necessary, but castings should be quenched from 2000- | 
2100 F to restore maximum corrosion resistance 





Similar to but some- | Resistant to hot dilute | Similar to CH-20, but | 





| Preheating at 400 F 


necessary. After weld- 


| ing, castings should be 
| quenched from 2000 F 





better resistance at ele- 


sulfuric acid. Superior | 
vated temperatures 


| to CF-8 in certain 
media 


what inferior to CF-8 


Resists sulfuric acid 
and many reducing 
chemicals. Good resist- 
ance to dilute hydro- 
chloric acid and salt 
solutions 








Bearings, bushings, fit- | Digester fittings, roast- | Digesters, filter press 
tings, pump and ma- | ing equipment, valves, | parts, fittings, jet en- 


Filter parts; heat ex- 
changer parts; pickling 
rolls, hooks, racks and 





chinery parts pump parts gine parts, pumps, 
valves 


tanks; valve parts 





eAfter heat treatment. 
hWater quenched from 2000 F. 
iWater, oil or air quench. 
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Properties of Materials 






Cast Heat Resistant Alloys 


IRONS AND STEELS 









ACI Type » 


HA 


HC 


HD HE 


HF 





COMPOSITION, % 


C 0.20 max, Mn 0.35- 


C 0.50 max, Mn 1.00 


C 0.50 max, Mn 1.50-| C 0.20-0.50, Mn 2.00 





C 0.20-0.40, Mn 2.00 















































0.65, Si 1.00 max, | max, Si 2.00 max, | max, Si 2.00 max, | max, Si 2.00 max, | max, Si 2.00 max, 
P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 
max, Mo 0.90- 1.20, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, 
ee Cr 8-10 \ Cr 26-30, Ni 4 max Cr 26-30, Ni 4-7 Cr 26-30, Ni 8-11 Cr 19-23, Ni 9-12 
PHYSICAL PROPERTIES — 
Density, Ib/cu in........... 0.279 0.272 0.274 0.277 0.280 
Melting Point, F. . 2750 2725 2700 2650 2550 
Ther Cond (212 F), Btu/hr/ 
SET si s400 0 tas sse 15.2 12.6 12.6 10.0» 9.0 
Coef of Exp (70-1200 F), 10.1 x 10°¢ 
ye See 7.5 x 10° 6.4 x 10° 8.0 x 10°¢ 9.9 x 10% 
Spec Ht (70 F), Btu/Ib/°F . . 0.11 0.12 0.12 0.14 0.12 
Elec Res (70 F), microhm-cm 70 | 77 8] 85 80 
Magnetic Permeability...... Ferromagnetic Ferromagnetic Ferromagnetic 1.3-2.5 1.0 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. 29 x 108 29 x 108 27 x 10° | 25 x 106 28 x 108 
Ten Str, 1000 psi*......... 954, 107» | 70-110, 115¢ 85, — 95, 90° 85, 100« 
Yid Str (0.2% offset), 
| a 654, 81» 65-75, 80° 48, - 45, 55° 45, 50° 
Elong (2 in.), %*.......... 234, 21> | 2-19, 18° 16, - 20, 10° 35, 25: 
Hardness (Brinell)*........ 1804, 220' | 190-223, - 190, - 200, 270: 165, 190° 
nee EE ee Te. a Le een eae dane domme * ad 
ELEVATED TEMPERATURE | 
PROPERTIES | | 
Ten Str, 1000 psi... . 67 (1000 F), 36 (1400 F), 57 (1200 F), 
44 (1100 F) 23 (1600 F), 35 (1400 F) 
15 (1800 F) 22 (1600 F) 
Yid Str (0.2% offset), 
1000 psi....... 42 (1000 F), 21 (1400 F) 
32 (1100 F) 
Elong (2 in.), % pas 36 (1100 F) — 14 (1400 F), 16 (1200 F), 
18 (1600 F), 20 (1400 F), 
40 (1800 F) 22 (1600 F) 
Creep Str (0.0001%/hr), 16 (1000 F), 1.3 (1400 F), 3.5 (1400 F), 4.0 (1400 F), 13 (1200 F) 
PIs.» vienstenes 7.2 (1100 F), 0.75 (1600 F), 1.9 (1600 F), 2.4 (1600 F), 6.0 (1400 F), 
3.1 (1200 F) 0.36 (1800 F) 0.9 (1800 F) 1.4 (1800 F) 3.2 (1600 F) 
Rupture Str, 1000 psi 
10 hr 45 (1000 F) 4.6 (1400 F), 14 (1400 F) 37 (1200 F). 
2.0 (1600 F), 20 (1400 F) 
1.1 (1800 F) 10 (1600 F) 
100 hr 37 (1000 F) 3.3 (1400 F), 10 (1400 F), 11 (1400 F), 30 (1200 F), 
| 1.7 (1600 F), 5 (1600 F), 5.3 (1600 F), 14 (1400 F). 
| 0.85 (1800 F) 2.5 (1800 F) 2.5 (1800 F) 6.0 (1600 F) 
1000 hr 27 (1000 F) 2.3 (1400 F), 7 (1400 F) - 17 (1200 F), 
1.3 (1600 F), 8.0 (1400 F), 
6. £2 (1800 F) | 3.8 (1600 F) 
FABRICATING PROPERTIES | | | 
Annealing Temp, F........ 1625 - an | ome 1900° 
Machinability........ Fair Good Good | Good | Good 
Weldability................] Weldable by all common methods. Preheat- Weldable by all common methods. Preheating not required 
ing, postheating desirable 
USES Fan blades, furnace | Grate bars,dampers, | Brazing furnace | Billet skids, burner | Electrode arms, 


rollers, Lehr rolls, | kiln parts, rabble 
refinery fittings, | blades, salt pots, 
trunnions tuyeres 











parts, cracking | nozzles, furnace con- 


equipment, furnace 
blowers, pouring 
spouts, salt pots, gas 
burner parts 


veyors, tube sup- 
ports, soot blower 
elements 





burner tips, anneal- 
ing boxes, wear 
plates, gas burner 
rings, conveyor belts, 
dampers 





aAs cast and heat treated values given in that order. 
eAged 24 hr at 1400 F, furnace cooled. 


dAnnealed. 






MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


bNormalized at 1825 F, tempered at 1250 F. 
eBefore cyclic temperature service. 6 hr at 1900 F mav improve life. 





fAt 1500 F. 








Cast Heat Resistant Alloys—continued 





ACL Type » 


HH 


HI 


HK 


HL 





COMPOSITION, % 


C 0.20-0.50, Cr 24-48, Mn 2.00 max, Ni 11-14, 


| € 0.20-0.50, Mn 2.00 |C 0.20-0.60, Mn 2.00 | 
Si 2.00 max, P 0.04 max, S 0.04 max, Mo 0.5 | 


C 0.20-0.60, Mn 2.00 



































max, Si 2.00 max, | max, Si 2.00 max, | max, Si 2.00 max, 
max, N 0.2 max P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 
max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, 
| Cr 26-30, Ni 14-18 | | Cr 24-28, Ni 18-22 | Cr 28-32, Ni 18-22 
. Se _ dutiintnateiatintenesl ae — — ——— — 
PHYSICAL PROPERTIES | | 
Density, Ib/cu in........... 0.279 0.279 | 0.280 0.279 
Melting Point, F........... 2500 2550 | 2550 2600 , 
Ther Cond (212F), Btu/hr/ 
a re 8.2 10.9 8.2 8.2 
Coef of Exp (70-1800 F), 
NR Meg asacnciece tires hin 10.5 x 10* 10.5 x 10° | 10.0 x 10°* 99x 10 
Spec Ht (70 F), Btu/Ib/°F 0.12 | 0.12 0.12 0.12 
Elec Res (70 F), microhm-cm 75-85 | in 90 94 
Magnetic Permeability... 1.0-1.9 | 1.0-1.7 1,02 1.01 
Type |® Type II i | 
MECHANICAL PROPERTIES {|—— —— 
Mod of Elast in Tension, psi. 27 x 10° 27 x 108 27 x 108 29 x 10° 29 x 10° 
Ten Str, 1000 psit......... 80, 86 85, 92 80, 90 75, 85 82, - 
Yid Str, 1000 psi#.......... 50, 55 40, 45 45, 65 50, 50 52, - 
Elong (2 in.), % 25, ll 15, 8 12 6 17, 10 19, — 
Hardness (Brinell)e........ 185, 200. 180, 200 | 180, 200 170, 190 | 192 
ELEVATED TEMPERATURE | 
PROPERTIES | 
Ten Str, 1000 psi 
| Se 33 35 38 50 
isis 18.5 22 26 23 30 
| ee 9.0 ll 19 
Yid Str (0.2% offset), 
1000 psi 
1400 F..... 17 18 
1600 F..... 13.5 14 
1800 F..... 6.3 7.0 
Elong (2 in.), % 
1400 F..... 18 12 6 . 
| ae 30 16 12 21 
1800 F. 45 30 
Creep Str (0. 0001% hn), 
1000 psi 
1400 F..... 3.0 1.0 6.6 6.8 1.0 
1600 F.... 1.7 4.0 3.6 4.2 4.3 
2001 F.. 0.3 0.8 0.8 1.0 - 
2150 F.... ; 0.15 0.2 
Rupture Str, 1000 psi 
1400 F.... 20 23 
10 hr{ 1600 F.... — 10 - ll | — 
| 1800 F.. 4.7 | 6.0 | - 6.5 | — 
(1400 F. 14 | 14 | 13 14.5 15 
100 hr{ 1600 F.. 6.4 75 | 75 7.8 9.2 
| | ere 1.5 1.8 1.9 2.5 — 
1400 F... 6.5 | 10 8.5 9.0 — 
1000 hr{ 1600 F ey 3.8 | 4.7 4.8 5.0 _ 
| Sr 1.2 1.2 — | -- 
—— = Ss or ee — =e ST 
FABRICATING PROPERTIES in | 
Annealing Temp, F......... 19004 19004 - _ | _ 
Machina bility Fair | Fair | Fair Good Good 
Weldability.... Weldable by all common methods; no preheat or postheat required 
USES Annealing trays, tube supports. carburizing | Billet skids, brazing | Heat treating fix- | Carrier fingers, 





boxes, exhaust manifolds, radiant tubes, 
retorts, stoker parts 


fixtures, furnace 
rails, lead pots, tube 
spacers, retorts 


tures, rabble arms, 
retorts, brazing fix- 
tures. skid rails 


enameling furnace 
fixtures, furnace 
skids, stack dampers 








As cast and heat treated (aged 24 hr at 1400 F, furnace cooled) values given in that order. 


bhPartially ferritic. 
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Cast Heat Resistant Alloys—concluded 
























































ACI Type =» HN | HT | HU | ne | HX 





COMPOSITION, % C 0.20-0.50, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.00 
max, Si 2.00 max, | max, Si 2.50 max, | max, Si 2.50 max, | max, Si 2.50 max, | max, Si 2.50 max, 
P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S$ 0.04 
max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, 
Cr 19-23, Ni 23-27 | | Cr 13-17, Ni 33-37 | Cr 17-21, Ni 37-41 | Cr 10-14, Ni 58-62 | Cr 15-19, Ni 64- 68 





PHYSICAL PROPERTIES | | | | 
Density, Ib/cuin........... 0.283 | 0.286 0.290 0.294 | 0.294 











Melting Point, F........... 2500 2450 2450 2350 2350 
Ther Cond (212F), Btu/hr/ 

| | _ 7.7 — 7.7 
Coef of Exp (70-1800 F), 

errr — 9.8 x 10°¢ 9.6 x 10-6 8.8 x 10°¢ 9.2 x 10°6 
Spec Ht (70 F), Btu/Ib/°F. . 0.11 0.11 0.11 0.11 0.11 
Elec Res(70 F), microhm-cm _ 100 105 112 — 
Magnetic Permeability... ... 1.10 | 1.10-2.00 | 1,10-2.00 16.0 2.0 








MECHANICAL PROPERTIES 


Mod of Elast in Tension, psi 27 x 106 27 x 106 27 x 108 25 x 106 25 x 106 
Ten Str, 1000 psi*......... 68, — 70, 753 70, 73* 68, 84! 65, 73* 
Yid Str, 1000 psi*.......... 38, — 40, 45: 140, 43% 36, 52! 36, 44 
Elong (2 in.), %®.......... l7,— 10, 5: 9, 5% 4,4 9, 9% 


Hardness (Brinell)*........ 160, — | 180, 200: 170, 190* | 185, 205! | 176, 185* 





ELEVATED TEMPERATURE 

















PROPERTIES 
Ten Str, 1000 psi 
| Se — 35 40 32 — 
1600 F.. ERS — | 18.8 19.6 19 20.5 
1800 F.. oud _ ll 10.0 10 10.7 
Yid Str (0. 2% offset), 
1000 psi 
1400 F....... Pedal —_ 26 -_ 23 — 
I a anaes gd _ | 15 — 15 17.5 
1800 F....... ee —_ 8.0 6.2 8.0 6.9 
Elong (2 in.), % 
1400 F. — 10 — — — 
Ee - 26 20 — 48 
Se wd _ 28 28 40 40 
Creep Str (0.0001%/hr), 
1000 psi 
Pe pee -_ 8.0 8.5 6.0 6.4 
i (ae gis 6.3 4.5 5.0 3.0 3.2 
ee aN 0.9 0.5 0.6 —_ 0.6 
| ee ee — 0.15 _ _ — 
Rupture Str, 1000 psi 
ae — — -_ 16 18 
10 hr{ 1600 F.......... — ll — 8.2 10 
| ee — | — — | — 2.5 
| re — 18 | 15 10 13 
100 hr{ 1600 F.......... 9.5 8.5 8.0 6.0 | 6.7 
| SS 2.5 2.5 | — | — 17 
| | ee — 12.5 | — | 7.8 | — 
1000 hr{ 1600 F.......... 6.5 7.0 6.0 45 4.0 
a 0.9 1.8 _ — 0.9 
FABRICATING PROPERTIES 
Annealing Temp, F......... — 19004 19004 —_ — 
Machinability............. Good Good Good Good Good 
Weldability................ 
Weldable by all common methods; no preheat or postheat required 
USES Brazing fixtures, | Air ducts, carburiz- | Articulated trays, | Cyanide pots, gas | Autoclaves, calciner 


chain, nozzles, fur- | ing boxes, cyanide | burner tubes, lead | retorts, electric heat- | tubes, furnace parts, 
nace parts, radiant | pots, glass molds, | pots, cyanide pots, | ing elements, hearth | salt bath electrodes, 
tubes, tube supports | lead pots muffles | plates muffles 


lAged 48 hr at 1800 F, furnace cooled. 








jJAged 24 hr at 1400 F, air cooled. 





kAged at 1400 F, furnace cooled 
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Nitriding Steels 





Nitralloy Type » 


135 


135, Modified 


N 


EZ 


GR 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cu in. 
Ther Cond (212 F), Btu hr sq ft/ °F ft 
Coef of Ther Exp (32-932 F), per °F 
Spec Ht, Btu/Ib/°F 
Elec Res (68 F), microhm-cm 
Magnetic Properties 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str (hard. & temp), 100C psi 
Yid Str (hard. & temp), 1000 psi 
Elong (in 2 in., hard. & temp), % 
Red. of Area (hard. & temp), % 
Hardness (Brinell, hard. & temp.) 


Impact Str (Izod, hard. & temp), ft-lb 
Endurance Limit, 1000 psi« 


THERMAL TREATMENT 
Annealing Temp, F 


Quenching Temp, F 
Tempering Temp, F 


Nitriding Temp, F 


FABRICATING PROPERTIES 
Hot Working Temp Range, F 


Weldability 


CORROSION RESISTANCE 


USES 





C 0.30-0.40, Mn 
0.40-0.70, $i 0.20 
0.40, Cr 0.90-1.40, 
Al 0.85-1.20, Mo 
0.15-0.25 


0.283 
30 
6.5 x 106 
0.11-0.12 
27-29 
Magnetic 


29-30 x 10° 
138, 121! 
120*, 103» 
20*, 23» 
98*, 62> 
280, 230 


Cases produced by nitriding these steels will have hardnesses in the range Rockwell 15N 94 to 95, 
excepting case on Nitralloy N which will range from about Rockwell 15N 92 to 93 


65*, 80 


1650-1700 
1700-1750 
1100-1300 


C 0.38-0.45, Mn 
0.40-0.70, Si 0.20 
0.40, Cr 1.40-1.80, 
Al 0.85-1.20, Mo 
0.30-0.45 


0.283 
30 


6.5 x 106 
0.11-0.12 
27-29 
Magnetic 


29-30 x 10° 
159*, 145' 
1414, 125! 
a 20> 
56°, 64! 
8, 285! 


452’, 2422 O0e3 Be 


1650-1700 
1700-1750 
1100-1300 


C 0.20-0.27, Mn 
0.40-0.70, $i 0.20 
0.40, Cr 1.00-1.50, 


Al 0.85-1.20, Mo | 


0.20-0.30, Ni 3.25- 
3.75 


0.283 
30 
6.5 x 10-6 
0.11-0.12 
27-29 
Magnetic 


29-30 x 10° 
132°, 190¢ 
114°, 180¢ 
22°, 154 
59°, 434 
277°, 4154 


1500-1550! 
1625-1675 
1100-1300 


C 0.30-0.40, Mn 
0.50-1.10, $i 0.20 
0.40, Cr 1.00-1.50, 
Al 0.85-1.20, Mo 
0.15-0.25, Se 0.15 
0.25 


0.283 
30 
6.5 x 10-6 
0.11-0.12 
27-29 
Magnetic 


29-30 x 10° 
1268 
Ws! 
174 
44a 
2558 


1650-1700 
1700-1750 
1100-1300 


C 1.25-1.50, Mn 
0.40-0.60, Si 1.25 
1.50, Cr 0.20-0.40, 
Al 1.00-1.50, Mo 
0.20-0.30 


0.283 
30 
6.5 x 10° 
0.11-0.12 
27-29 
Magnetic 


29-30 x 10° 
108¢ 
84e 
\7e 
19e 


1625-1675 
1100-1300 


930-1050 for periods ranging to 100 hr; 24 to 48-hr treatments are most widely used 


1950-2200 


1950-2200 


1950-2200 


1950-2200 


1950-2200 


Can be welded by atomic hydrogen process using Nitralloy welding rod; also flash welding 


Provided the outer skin or white layer is not removed, the nitrided case is resistant to alkalis, crude oil, 
natural gas combustion products, tap water and unagitated salt water. Case is attacked by mineral acids. 
Removal of the white layer greatly reduces resistance to attack 


Most uses based on resistance to wear. Cylinder liners and barrels in aircraft engines, bushings, shafts, 


piston pins, soindles and thread guides, cams and camshafts, rubber and paper mill rolls 





aCore properties; oil quenched from 1700 F, tempered at 1200 F. 
bCore properties; oil quenched from 1700 F, tempered at 1300 F. 


cCore properties; oil quenched from 1650 F, tempered at 1200 F, before nitriding. 
dCore properties; oil quenched from 1650 F, tempered at 1200 F, after nitriding 


eCore properties; oil quenched from 1650 F, tempered 5 hr at 1375 F. 


fProportional limit. 


gHeat treated to 269 Bhn and tested (gl) unnitrided, unnotched; (g2) unnitrided with V notch; (g3) nitrided, unnotched; (g4) nitrided 


with V notch. 






hMust be cooled rapidly below 1150 F te avoid precipitation hardening. 
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STAINLESS 


produced the way you want it 
by Carlson 





Only at Carlson can you buy so many grades of stainless 
steel in the wide variety of shapes and sizes illustrated 
here. We regularly process such complete bill-of-material 
orders. Trained Carlson men, with years of experience 
and practical knowledge, are determined to give you 
the best and most efficient service possible. 


When you need stainless plate... 
Carlson gives you what you want 
when you want it! 


Write for CARLSON’S WEEKLY STOCK LIST... 
your guide to what's available in high-quality 
stainless steel. 


OG OGARASOW Zc 








Stanku Steck Exebhuively 


126A Marshalton Road 
Thorndale, Pennsylvania 








STAINLESS STEEL PLATE ... rolled to 


almost any size or thickness, %6'’ and heavier, 
to meet your individual needs—whether rec- 
tangles, circles or special patterns. Substantial 
tonnage in Types 302, 304, 304-L, 309, 309-S, 
310, 316, 316-L, 317, 317-L, 321, 347, 348, 405, 
410, 430 and 502-%2% Mo. is available for 
prompt delivery. In addition, two precipitation- 
hardening grades, Types 17-4 PH* and 17-7 
PH* are now in production. 


STAINLESS STEEL HEADS. ... in Types 
304, 304-L, 316 and 316-L are available from 
stock in ASME and Standard specifications (10’’ 
to 72'' diameter). A large assortment of dies 
is available for pressing other types of heads 
and special sizes can be spun where practical. 





STAINLESS STEEL FORGINGS and 
SPECIAL PATTERNS .... including tube 


sheets, flanges, circles, rings, sketch plates and 
other specialties can be produced to specifi- 
cation on our versatile equipment. 


Also STAINLESS STEEL BARS AND 
SHEETS (No. 1 Finish). 


*Trade mark of ARMCO STEEL CORPORATION 











District Sales Offices in Principal Cities 


PLATES © PLATE PRODUCTS * HEADS © RINGS © CIRCLES » FLANGES * FORGINGS © BARS and SHEETS (No. 1 Firish) 


For more information, turn to Reader Service card, circle No. 457 
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Properties of Materials 


Aluminum and Its Alloys 


NONFERROUS METALS 








































| 
Type =» 1100 3003 3004 
COMPOSITION, % Al 99.0 min Mn 1.0-1.5 Mn 1.0-1.5, ——_ 1.3 
PHYSICAL PROPERTIES 
a cin eedasseeraes 0.098 0.099 0.098 
Melting Temp Range, F.................. 1190-1215 1190-1210 1165-1205 
Ther Cond (77 F, annealed), Btu/hr/sq ft/°F /ft 128 111 93.8 
Coef of Ther Exp (68 to 212 F), per °F].. .. 13.1 x 10-6 12.9 x 10- 12.9 x 10-6 
Specific Heat (212 F), Btu/Ib/°F.......... 0.22 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm 
EEL ices cdasensasawen 2.92 3.45 4.10 
ITO OF PEPE ocacivccesesdesecce 3.02 4.3] 4.10 
MECHANICAL PROPERTIES 
Mod of Elasticity in Tension, psi.... 10 x 106 10 x 10° 10 x 10° 
Tensile Strength (75 F), 1000 psi | 
sd cedbadedeaceces 13 16 26 
A Ee ee ley 18 (H14) 22 (H14) 35 (H34) 
in 6s ciy'a nc: re: 24 (H18) 29 (H18) | 41 (H38) 
Yield Strength (75 F), 1000 psi | 
Annealed (0).............. pep ee Ps 5 6 | 10 
Ee 17 (H14) 21 (H14) 29 (H34) 
Es ascascnsesess a 22 (H18) 27 (H18) 36 (H38) 
Elongation (in 2 in., 75 F), %* | 
Ere 35, 45 30, 40 20, 25 
eid... iickaneees 9, 20 (H14) 8,16(H14) | 9, 12 (H34) 
|e 5, 15 (H18) 4,10(H18) | 5, 6 (H38) 
Hardness (Brinell)» 
ee “ 23 28 45 
Half Hard.. Se 32 (H14) 40 (H14) 63 (H34) 
EN eae 44 (H18) 55 (H18) 77 (H38) 
Endurance Limit, 1000 psi 
Annealed (0). > ee 5 7 | 14 
Half Hard.. tii eas 7 (H14) 9 (H14) 15 (H34) 
Hard. ea > Ee 9 (H18) 10 (H18) | 16 (H38) 
Shear Strength, 1000 psi | 
Annealed (0). . 9 ll 16 
Half Hard........ 11 (H14) 14 (H14) 18 (H34) 
EE ee ee 13 (H18) 16 (H18) 21 (H38) 
FABRICATING PROPERTIES | 
i) Se eee 650 775 | 650 
Hot Working Temp Range, F. . 500-950 500-950 500-950 
Machinability. . Good Good Good 
Relative Weldailitys 
Torch. . ’ A A B 
Inert Arc. al: £5 cae ddake he che A A A 
Electrical Resistance................... A A A 





CORROSION RESISTANCE 


High resistance to rural, industrial and marine atmospheres. Good resistance to 
most neutral or nearly neutral fresh waters; sea water; many foodstuffs; organic 
acids and anhydrides; alcohols; aldehydes: esters; ketones; oils gasoline. greases, 
waxes, and other petroleum derivatives; ammonia and ammonium compounds; 
nitric acid above 82%; essential oils; amides; nitroparaffins; coal tar derivatives; 
hydrogen peroxide; and many neutral aqueous inorganic salt solutions 





AVAILABLE FORMS 


Sheet, plate, wire, rod, bar 





Rivets, 


extrusions 


forgings, impact 





forgings 


Extruded shapes, tubing, 


Sheet, plate 





USES 


Cooking utensils, heat exchangers, pressure and 


storage 


tanks 


Hydraulic tubing for com- 
mercial vehicles, storage 
tanks 








Chemical equipment, re- 


flectors 





Ductwork, truck panels, 
architectural applica- 
tions. builders’ hardware 














aValues given for 1/16-in. sheet and %-in. bar. in that order. 
eLetter A indicates most favorabie, B less favorable, 





»500-kg load. 10-mm ball. 
etc. Values relative to aluminum alloys only. 
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Aluminum and Its Alloys-—continued 




































































Type »> 5050 5052 | 5056 
COMPOSITION, % Mg 1.0-1.8 | Mg 2.2-2.8, Cr 0.15-0.35 | Mn 0.05-0.20, Mg 4.7-5.6, 
| | Cr 0.05-0.20 
PHYSICAL PROPERTIES | a 
Density, Ib/cu in............. : 0.097 0.097 0.095 
Melting Temp Range, eR 1160-1205 1100-1200 1055-1180 
Ther Cond (77 F, annealed), Btu hr/ sq ft/ °F /ft lll 79.2 67.4 
Coef of Ther ae per °F 
ge ren ne 13.2 x 10-6 13.2 x 10 13.4 x 10-6 
68 to 572 F....... jaca wee 14.2 x 10-6 | 14.3 x 10° 14.5 x 10* 
Specific Heat (212 F), Btu/Ib/°F. ore 0.22 | 0.22 0.22 
Electrical Resistivity (68 F), microhm- -cm 
A RL — 4.93 5.94 
Hard (H18 or H38)*..................... | 4.93 6.39 
MECHANICAL PROPERTIES 
Mod of Elasticity in Tension, psi...... i 10 x 108 10.2 x 10° 10.3 x 10° 
Tensile Strength 4 sd 1000 psi 
Annealed - Prarabaretkideeed 21 28 42 
Half Hard.. Se ee eee 28 (H34) 38 (H34) _ 
ES ae 32 (H38) 42 (H38) 60 (H38) 
Yield Strength (75 F), 1000 psi 
Annealed id ERS FEE St contac a 8 13 22 
Half Hard... ee ee ae ae eee 24 (H34) 31 (H34) _ 
Bs a ctcdiasinacdnwes uae 29 (H38) 37 (H38) 50 (H38) 
Elongation (in 2 in., 75 sins we 
Annealed ats Bae 24 25, 30 | —,35 
Half Hard.. OPE ie ORT Co en 8 (H34) 10, 14 (H34) — 
ee ee sea ee: 6 (H38) 7, 8 (H38) —,15 (H38) 
Hardness (Brinell)> 
Annealed a eer? rial. tata 36 47 65 
Half Hard.. py bla scan ee wd sepa vale 53 (H34) 68 (H34) — 
Boake hada ednden a ees: 63 (H38) 77 (H38) 105 (H18), 100 (H38) 
Endurance Limit, 1000 psi 
Annealed (0)......... iteaaerasies 12 | 16 20 
Half Hard....... ; re eer 13 (H34) 18 (H34) — 
Hard.. comakes 14 (H38) 20 (H38) 22 (H38) 
Shear Strength, 1000 psi 
Annealed (0)....... Rae are eee 15 18 26 
ices bias awcdawnw nena’ 18 (H34) 21 (H34) — 
Sa ES Ee ree ree 20 (H38) 24 (H38) | 32 (H38) 
FABRICATING PROPERTIES 
Annealing Temp, F..... iacenianedes 650 650 650 
Hot Working Temp Range .. aeedcieaaene eae _ 500-950 500-950 
Machinability. . 4 SOP ee epi Good Good Good 
Relative Weldabilitys 
Me ic aekhennk’cwe's ere Torr i B B C 
een ci bceekkiddeedse tise’ 4 A A 
EPOCRIGNS WOOSIUIORGS. 2... ....cccccccseces A A B 
CORROSION RESISTANCE High resistance to rural, industrial and marine atmospheres. Good resistance to 
most neutral or nearly neutral fresh waters; sea water; many foodstuffs; organic 
acids and anhydrides; alcohols; aldehydes; esters; ketones; oils, gasoline, greases, 
waxes, and other petroleum derivatives; ammonia and ammonium compounds; 
nitric acid above 82%; essential oils; amides; nitroparaffins; coal tar derivatives ; 
hydrogen peroxide; and many neutral aqueous inorganic salt solutions 
AVAILABLE FORMS Sheet, plate, drawn tube | Sheet, plate, wire, rod, | Rod, wire 
bar, drawn tubing 
USES Decorative refrigerator | Bus and truck bodies, air- | Cable sheathing, rivets 
parts, coiled tubes, | craft tubing, milk crates, | for magnesium 
builders’ hardware fan blades, kitchen cabi- 
nets 
aValues given for 1/16-in. sheet and %-in. bar, in that order. b500-kg load, 10-mm ball. 


cLetter A indicates most favorable, B less favorable, ete. Values relative to aluminum alloys only. 
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Type » 2011 2014%;> 2017 
COMPOSITION, % Cu 5.0-6.0, Pb 0.2-0.6, Cu 3.9-5.0, Si 0.5-1.2, Cu 3.5-4.5, Mn 0.4-1.0, 
Bi 0.2-0.6 Mn 0.4-1.2, Mg 0.2-0.8 | Mg0.2-0.8 
PHYSICAL PROPERTIES 
sce wnceeedbbie cess 0.102 | 0.101 | 0.101 
Melting Temp Range, F.................... 995-1190 950-1180 955-1185 
Ther Cond (77 F, annealed), Btu/hr/sq ft/°F /ft 81.7 111.0 99.4 
COGr OF TOT ERD, BOF °F. oo ccccsccceccccss 
Se bd es etn and 0s 14K 64 12.8 x 104 | 12.5 x 10 12.7 x 104 
0. SE ee ae jeeaaan 13.9 x 10-* 13.6 x 104 13.9 x 104 
Specific Heat, Btu/Ib/°F................... 0.23 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm..... 4.31 (T3) 3.45 (0), 4.31 (76) 3.83 (0), 5.75 (T4) 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi................ 10.2 x 108 | 10.6 x 108 10.5 x 10° 
Tensile Strength, 1000 psi | 
cia nkgekniers vitawk nas — 27 26 
| 55 (T3), 59 (T8) 62 (T4), 70 (16) 62 (T4) 
Yield Strength (0.2% Offset), 1000 psi 
6 9 6 6.060.5465004046006056005 -- | 14 10 
sid hawk isa dis aNie sina 3 43 (T3), 45 (T8) 42 (T4), 60 (T6) 40 (T4) 
Elongation (in 2 in.), % | 
eh cub a 5 a. oabnds dean esas — 18 22 
ick oct ivan texevniees 15 (13), 12 (T8) 20 (T4), 13 (T6) | 22 (T4) 
Hardness (Brinell) 
ii tS ond vad neuedtaddsss _ 45 45 
EET OT PEE 95 (T3), 100 (T8) 105 (74), 135 (76) 105 (T4) 
Endurance Limit, 1000 psi 
EE Guin sy.ss.0s450addenssss _ | 13 13 
atic in ane ced viauies os aX 18 (T3), 18 (T8) 20 (T4), 18 (16) 18 (T4) 
Shear Strength, 1000 psi 
seco ccedceeinas's satiied — 18 18 
i ik 5 han souk ncekbiomnee 32 (T3), 35 (T8) | 38 (T4), 42 (T6) | 38 (T4) 
FABRICATING PROPERTIES | | 
Annealing Temperature, F.................. 775 775 | 775 
Solution Temperature, F................... 950 | 940 | 940 
Aging Temperature, F...................... 320 340 | — 
ee oo seh incesccttachadleeds A (73,T8) A (76) A (74) 
Weldability° | 
SS ere eee D D D 
ag ECE EE REECE EEE LEE: CEEEE D | B | B 
EUOCRTIOR! PROBISEBRED. ow cc scccsscescces D | B A 
CORROSION RESISTANCE Compared to other aluminum alloys, this group has high resistance to rural atmos- 


pheres, fairly good resistance to industrial atmospheres, and poor resistance to 
marine atmospheres and sea water. More susceptible to corrosive attack than 
other groups of wrought aluminum alloys. Both degree and nature of the attack 
are greatly influenced by thermal treatment. Clad sheet alloys generally have 
high corrosion resistance 








AVAILABLE FORMS Rod, hexagon bar, wire Extruded shapes, rolled | Rod, bar, wire 
shapes, forgings, rod, bar 





USES Screw machine products | Heavy duty forgings, | Screw machine products 
power shovel bails, air- 
plane fittings, structural 
members 














a2014 available clad with 6053. 
bSimilar to 2014 is Hardclad 301. Core: 4.0-5.0 Cu, 0.75-1.2 Si, 0.70-1.0 Mn, 0.25-0.55 Mg. Claddings: 0.50-0.90 Si, 0.25- 
0.75 Mn. 0.80-1.2 Mg. 

cLetter A indicates most favorable, B less favorable, ete. Relative to aluminum alloys only. 
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Aluminum and Its Alloys—concluded 





} 
Type » 2018 | 2218 | 20248 














COMPOSITION, % Cu 3.5-4.5, Mg 0.45-0.9, | Cu 3.5-4.5, Mg 1.2-1.8, | Cu 3.8-4.9, Mn 0.3-0.9, 
Ni 1.7-2.3 | Ni17-23 | Mg 1.2-1.8 
PHYSICAL PROPERTIES 
Density, Ib/cu in. ...............0.05. oe 0.101 | 0.102 0.100 
Melting Temp Range, F................... 945-1180 940-1175 935-1180 
Ther Cond (77 F, annealed), 
Ok ae Ta 89.0 | 97.0 111.0 
Coef of Ther Exp, per °F | 
erecta ia ch sd nanntieds 12.4 x 104 | 12.4 x 10-* 12.6 x 10 
IRE Pee rer rae Ferree 13.4 x 104 13.5 x 10-6 13.7 x 10-6 
Specific Heat, Btu/Ib/°F..............0005. 0.22 0.22 | 0.22 
Electrical Resistivity (68 F), microhm-cm. .... ons — 3.45 (0), 5.75 (14) 


————_—_— ee ——EE ——— —_——$—$ $$$ — — ——— —_—_——_—— 


MECHANICAL PROPERTIES 
Mod of Elast in Tengion. psi............. ns 10.8 x 106 10.8 x 106 10.6 x 106 
Tensile Strength, 1000 psi 























TEI, civinesncscdsvaccsessseeans -_ — 27 
Heat Treated............. irae eecats 61 (T61) 48 (172) 70 (T3) 
Yield Strength (0.2% offset), 1000 psi 
| a sins — ll 
Heat Treated....... 2 eT 46 (T61) | 37 (172) 50 (T3) 
Elongation, % 
SN ee. 5 oval a ceeabens — — 20° 
TCE rere whens 12 (761) 11 (172)s 18 (T3)° 
Hardness (Brinell) | 
Annealed (0)............. ef _ — 4] 
Heat Treated......... coeaelabeaueona 120 (T61) 95 (172) 120 (T3) 
Endurance Limit, 1000 psi 
i ad ian aks on — 13 
eres eran 17 (761) — 20 (T3) 
Shear Strength, 1000 psi 
Annealed (0). ............-ccceeeceeeeee _ — | 18 
Heat Treated..... Ie bate a Sadie nce iter it Deke 39 (T61) 30 (172) 4) (T3) 
FABRICATING PROPERTIES 
Annealing Temperature, F,................ 775 775 | 775 
Solution Temperature, F.............---.-. 950 950 920 
Aging Temperature, F..................-05. 340 460 375 
goes cckakeesaieanedanl A A A (13) 
Weldability° 
BITS « -Latieud sl cckencttibmecdaces D — | D 
ae wererere rer, B ~- B 
Electrical Resistance. ................00:. B | — 
CORROSION RESISTANCE Compared to other aluminum alloys, this group has high resistance to rural atmos- 


pheres, fairly good resistance to industrial atmospheres, and poor resistance to 
marine atmospheres and sea water. More susceptible to corrosive attack than 
other groups of wrought aluminum alloys. Both degree and nature of the attack 
are greatly influenced by thermal treatment. Clad sheet alloys generally have 
high corrosion resistance 











AVAILABLE FORMS Forgings Forgings Sheet, plate, rod, bar, 
tubing, wire, rivets, ex- 
truded shapes 





USES Aircraft engine cylinder | Aircraft engine cylinder | Screw machine products 
heads and pistons heads and pistons; jet 
engineimpellers and com- 
pressor rings 














eLetter A indicates most favorable, B less favorable, ete. Relative to aluminum alloys only. 
42024 also available as sheet and plate clad with aluminum of 99.3% min purity. 
eElongation in 2 in. fElongation in 1% in. gElongation in % in. 
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Properties of 










Materials ° 


Cobalt and Its Alloys 


NONFERROUS METALS 











Material » 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, [b/cu in...... 
Melting Point, F....... 
Ther Cond, Btu/hr/sq ft, OF ft 
Coef of Ther Exp, per °F.. 
Magnetic Properties.......... 
Curie Temperature................ 
Thermal Neutron Absorption, barns, 

RAS exw Fi banked 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi... 
Tensile Strength, 1000 psi 

Annealed..... 
Sintered...... 

Cold Worked. . 

As Cast.. 

Aged 50 hr at 1300 F. 

Yield a 1000 psi 
Annealed. . 
Sintered. . 

As Cast.. a 
Aged 50 Hr at 1300 .., 

Elongation (in 2 in.), % 

Annealed......... 
Sintered (1 in.)... 
Cold Worked. . 

As Cast.. 
Aged 50 Hr at 1300 F.. 

Hardness (Brinell) 
Annealed......... 

Sintered (VHN)... 
+o eee ‘ 
Aged 50 Hr at 1300 F...... 

Compressive Strength, 1000 psi 
I 
As Cast.. bees 

Mod of Elast i in Shear, psi. nes 

Impact Strength, ft-lb 
Room Temperature... or 
0. SO 





THERMAL TREATMENT 
Annealing Temp, F 
Somme TOMO, F...... 2.2... ee 
Hardening Temp, F.............. 





FABRICATING PROPERTIES 
Hot Working 090 — Fis 
Machinability... Rs a 
a 





CORROSION RESISTANCE 


AVAILABLE FORMS — 























Cobalt AMS 5385C AMS 5537 
Co 99.9 C 0.06-0.3,C098 | C€0.20-0.35,Mn1.0 | C0.05-0.15, Mn 1.0 
max, Ni 1.5-3.5,Mo | 2.0, Ni 9-11, Cr 19 
4.5-6.5, Cr 25-30, Fe | 21,Fe 3.0 max, W 14 
2.0 max, Si 1.0 max, | 16, Si 1.0 max, Co 
B 0.07 max 46-53 
0.322 0.299 0.333 
2723 2465 | 2570 
479 101 (392 F) . 
6.8 x 10-6 - 7.8 x 10-6 ~ 
Magnetic Magnetic Magnetic Magnetic 
2039 — - - 
34.8 | 
30 x 108 16.8 x 108 | 35 x 108 
37 43-75 145-165 
98.5 : - 
100 
34.4 6] 103 
; 125 - 
28-4] 20-65 | 65-85 
43.8 ~- _ — 
20-43 33 82 ons 
ios : 110 — 
0-8 13 | 70-55 
13.5 - — | _ 
2-8 — -~ 
0-4 5-30 8 
‘ 2 
121-1314 138 — 225 
173 — a | —t 
124-130 100-131 Ra65 os 
. Ra/l - 
117 140 om 
122 175 -_ 
11.1 x 106 — 
2.9» 120: 
= | 11> 
| Oe 
— 2175-2200 2225 
» - — 2200 
7 1475-1500 — 
930-1100 -- — — 
Possible Possible Poor Good 
_ — Shield arc Good 
Excellent Excellent Resistant tooxidizing | Highly resistant to 
media, flue gases scaling and oxida- 
tion at elevated tem- 
peratures 
Rondelles, powders | Rondelles, powders | Precision castings, | Sheet, plate, bar, 
sand castings, bar, | tubing, wire 
sheet, welding rod 





aAt 1500 F as cast. 
»bCharpy V-notch. 
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— 


MATERIALS IN DESIGN 


ENGINEERING 


cIzod impact strength on notched or unnotched specimen; actually specimen stops pendulum. 
dHardness of electrolytic cobalt is 270-310 Bhn. 














Columbium, Tantalum, Tungsten 





and Molybdenum 














Metal » Columbium Tantalum Tungsten Molybdenum 
PHYSICAL PROPERTIES | 
Density, Ib/cuin. .............. 0.31 0.60 0.70 0.37 
Melting Point, F................ 4380 5425 6152 4760 
Ther Cond (212 F), 

Btu/hr/sq ft/°F/ft............ _ 32 96 84 
Coef of Ther Exp (70 F), per °F... 4.0 x 10° 3.8 x 10-¢ 2.2 x 10-6 | 3.0 x 10° 
Specific Heat, Btu/Ib/°F......... 0.065 0.036 0.032 0.061 
Elec Res (68 F), microhm-cm..... 13 | 12.4 5.58 5.28 

MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi...... 27 x 10° 50 x 108 42 x 108 
Ten Str, 1000 psi 

Annealed.................... 48-59 50-100 | ~~ 85-130», 88° 

Cold Worked................. 96-130 110-180 70-300 120-175» 
Yid Str, 1000 psi 

a eee! — — 

a — 

Elong (in 2 in.), % | 

in aca es dae 30 11-4 | on 4-7 42 

Cold Worked..... l 1-1.5 0-2 J» 
Hardness (Rockwell) 

Annealed...... E60 — B95" 

Cold Worked.... C40-C67 | C22-27' 


FABRICATING PROPERTIES 
Workability.......... 


Annealing Temp, F.............. 


Machinability. . 


Joining 


CORROSION RESISTANCE 


AVAILABLE FORMS 





Must be cold worked 
1950 in vacuum 
for steels 


Resistance weld, pref- 
erably under water 


Less resistant than tan- 


talum but practically | closely than other met- 


unattacked at room 
temperature by most 
acids excepting hydro- 
fluoric. Less resistant 
to alkalis 


| 
} 
| 


.| Tools similar to those | 


| 
| 
| 


| 


E95 


Must be cold worked Must be hot worked in 

all but finest wires 

1950 in vacuum 1830 protective atmos- 

| phere 

| Difficult; abrasive 
wheel cutting recom- 

| mended 





High speed steel tools 
at high cutting speeds 





Resistance weld, pref- 
erably under water. 
Inert-arc weld with 
special procedures 


| Braze with high temp- | 
erature brazing alloys. | 
| Weld by resistance or | 


| inert-arc methods 


Resembles glass more | Resists most acids and 
alkalis up to 212 F. | 
Rapidly attacked by 
mixture of hydrofluoric 
and nitric acids at room 
temperature and by 
aqua regia at 212 F 


als. Inert at room temp- 
erature to practically 
all acids but hydro- 
fluoric, fuming sulfuric, 
and mixture of hydro- 
fluoric and nitric. Less 
resistant to alkalis 


Thin sheet can be cold 
worked ; other material 
hot worked 

Anneal to specified me 
chanical properties 
Similar to SAE 1040 
steel heat treated to 
Rockwell C30 
Generally rivet or braze. 
Thin sheets can be re- 
sistance welded 


Moderately resistant to 
sulfuric, hydrochloric 
and hydrofluoric acids 
and alkalis. Dissolved 
by dilute nitric acid or 
mixture of hydrofluoric 
and nitric acids 





Sheet, rod, wire, pow- 
der, fabricated shapes 


Sheet, rod, wire, tub- 
ing, powder, fabricated 
shapes 


Bar, sheet, rod, wire, 
powder 


Bar, sheet, wire, tub- 
ing, powder 





USES 





Electronic tubes, recti- 
fiers for low voltage 
a.c., alloying in stain- 
less steels 





Heat exchangers, coils 
and heaters, especially 
for processing chlorine, 
hydrochloric acid or 
nitric acid; electronic 
applications; surgery 


Lamp filaments, elec- 
tronic parts, welding 
electrodes, alloying in 
ferrous and nonferrous 
alloys 








Electrodes for glass 
melting, electronic tube 
components, heating 
elements for high tem- 
perature electric fur- 
naces, spark gaps, 
electrical contacts 








bFrom powder. 





cArc melted. 
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Properties of Materials 





Coppers and Plain Brasses 


NONFERROUS METALS 


















































CORROSION RESISTANCE 


Generally good resistance to industrial, rural and marine atmospheres; also gasolines, fuel 
oils and lacquers. Generally poor resistance to ammonia, ferric and ammonium compounds, 
and cyanides. Good resistance to weak acids and bases; some resistance to strong acids 


and bases 


j 
| 





' Electrolytic Deoxidized Beryllium Commercial 
Type »> Tough Pitch Copper Copper Gilding, 95% Bronze, 90% 
Copper 
COMPOSITION, % Cu 99.90 min, Cu 99.90 min, | Be1.90-2.15,Co | Cu 94.0-96.0, | Cu 89.0-91.0, 
O about 0.04 | P0.015-0.040 | 0.20-0.35, Cu bal Zn bal Zn bal 
PHYSICAL PROPERTIES 
Density, ee ee 0.321-0.323 0.323 0.296-0.298 0.320 0.318 
Melting Temp Range, F...... li oe bee 1949-1981 1981 1600-1800 1920-1950 | 1870-1910 
Ther Cond (68 F), Btu/hr/sq ft/°F/ft............ 226 196 100-110+ 135 109 
Coef of Ther Exp (68-572 F), per °F............. 9.8 x 10-6 9.8 x 10-6 9.3 x 10-6 10.0x10° | 102x106 
Ye 0.092 0.092 0.10 0.09 0.09 
Elec Res (68 F annealed), microhm-cm........ 1.71 2.03 4.82-5.82 3.1 3.9 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi............. 17 x 108 17 x 108 | 19 x 108 17 x 108 | 17 x 106 
Ten Str, 1000 psic | 
ie a 32, 35 32 | 60-80, 60-80¢ 34 | 37, 40 
ais oS s dlns cabntvvucth 50, 55 50 165-185, 165-185!) 56 94, 74 
Yid Str, 1000 psi~+4 
a ee ee 10 10 | 25-35, 20-30¢ | 10 10 
Ne, eS en a a ee 45 45 '130-150, 150-1705 50 54 
Elong (in 2 in.), %e 
iio. a cba. ideal envmmeknda 45, 35 45 35-50, 35-50¢ 45 45, 50 
ha ge ce Be oe ie eee 6, 1.5 8 3-12, 2-5! 5 5,4 
Hardness (Rockwell) 
RIN Ee ae a F40 F40 B50-65° F46 F53 
es os 24 iu wl ecvaa dane ansd bas B50 B50 C36-41! B64 B70 
Shear Str, 1000 psi | | 
Gain, «5: « ccuaeciaieds toddieet«+' 22, 24 22 |  50-60¢ 26 28, 30 
ee ae ee 28, 29 28 90-100! 37 38, 42 
Endurance Limit (108 cycles), 1000 psic | | | 
Senet xan eta ataawdis de SERRE S one’ ll _ | 30-35, 12-20" | - 10 
BRE ita tebe end daost ati eesd cal 13 19 | 35-40, 120-140'« - 17, 21 
FABRICATING PROPERTIES 
ss ds tes’, 5's sivublcmeddbae es oth Excellent Excellent Good Excellent Excellent 
as ev aeel cl aa'eawas ad Excellent Excellent Excellent Good Good 
| Ee 1400-1600 1400-1600 1050-1475 1400-1600 {| 1400-1600 
ees 700-1200 700-1200 1400-1475 00-1450 | 800-1450 
Machinability Index®......................-. ) 20 20 20 20 | 20 
Joining 
Te Ome ert See Excellent Excellent Excellent Excellent Excellent 
TT OCC Good Excellent Good Excellent Excellent 
Oxyacetylene Welding. ...................0... Poor Fair Poor Fair Good 
Carbon Arc Welding.......................5. Fair Good Excellent Good Good 
Resistance Welding................... abes at Poor Poor Excellent Poor Poor 





AVAILABLE FORMS 







Flat products, 
rod, wire, tube, 
pipe, shapes 


Tube, pipe, rod, 
rolled strip 


Flat products, 
rod, wire, tube, 
pipe, shapes 


Rolled strip 


Rolled strip, 
sheet, wire, 
tube, plate, rod 















USES 


Architectural 
trim; automo- 
bile radiators; 
electrical con- 
tacts, con- 
ductors and 
switches; ball 
floats; rivets; 
chemical proc- 





ess eauipment 





Plumbing and 
gas lines; heat 
exchanger 
tubes ;air,water, 
gasoline and oil 
lines; rotating 
bands 


Instrument and 
valve springs, 
plunger guides, 


phragms, bel- 
lows, electrical 
contacts, resis- 





electrodes 


bushings, bear- 
ings, cams, dia- 


tance welding 





Coins, bullet 
jackets, fuse 
caps, primers, 
jewelry, base 
for gold plate 
or vitreous 
enamel 





Grillwork, cos- 
metic compacts, 
marine hard- 
ware, primer 
caps, costume 
jewelry, vitre- 
ous enamel base 









sHeat treated. 686-212 F 


fAnnealed and heat treated 2-3 hr at 600 F. 





&Proportional limit. 


eWhere two values or ranges appear, second is for wire. 


40.5% extension under load except beryllium copper (0.2% offset). eSolution annealed. 


hBased on free-cutting brass — 100. 
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Coppers and Plain Brasses—concluded 





Type »> 


Red Brass, 85% 


Low Brass, 80% 


| Cartridge Brass, 70% | 


Yellow Brass | 


Muntz Metal 





SOMPOSITION, % 





PHYSICAL PROPERTIES 
Density, Ib/cuin........... 
Melting Temp Range, F..... 
Ther Cond (68 F), 

Btu/hr/sq ft/°F /ft...... 
Coef of Ther Exp 

(68-572 F), per °F....... 

Spec Ht (68 F), Btu/Ib/°F. . 
Elec Res (68 F, a 

microhm-cm. ; 





—— 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. 
Ten Str, 1000 psi 

Annealed 


ees er eererereseeeees 


Yid Str, 1000 psi ° d 
Annealed 


Se 


Elong (in 2 in.), %° 
Annealed 
Hard. . ‘ 

Hardness (Rockwell) 
Annealed 


Shear Str, 1000 psic 
Annealed 


eee ee eweeeeeeee 


ee 


Endur Limit (10% cycles), 
1000 psi¢ 
Annealed 


Cu 84.0-86.0, Zn bal | 
0.316 
1810-1880 
92 


10.4 x 10-6 
0.09 


4.7 


17 x 108 


39, 41 
70, 88 


F56 
B77 


31, 31 
42, 48 


10.5 
21, 29 





FABRICATING PROPERTIES 
Cold Workability........... 
Hot Workability..... pcegaied 
Hot Working Temp, F...... 
Annealing Temp, F 
Machinability Index: 
Joining 

Soft Soldering 
Silver Alloy Brazing...... 
Oxyacetylene Welding... . 
Resistance Welding. .... 


Excellent 
Good 
1450-1650 
800-1350 
30 


Excellent 
Excellent 
Good 
Poor 


z 


| 








Cu 78.5-81.5, Zn bal 


Cu 68.5-71.5, Zn bal | Cu 63.0-68.5, Zn bal | | Cu 59.0-63.0, Zn bal 





0.313 
1770-1830 


81 


10.6 x 10-6 
0.09 








Excellent 
Fair 
1500-1650 
800-1300 
30 


Excellent 
Good 
Good 
Poor 














0.308 | 0.306 
1680-1750 | 1660-1710 | 
10 | 67 | 
| 
11.1 x 10 | 11.3 x 10 | 
0.09 | 0.09 
6.2 | 6.4 | 
| 
16 x 106 | 15 x 10 
| 
44, 48 | 46, 50 | 
76 74, 110 | 
| 
1] 14 
63 | 60 
66, 64 65, 60 
8 8 8 
F54 F58 
B82 | B80 
32, 34 32. 34 
44 43, 55 
10 13.5 
21 19, 20 
|__—— g wand 
| Excellent Excellent 
Fair Poor 
1350-1550 om 
| 800-1400 800-1300 
30 30 
Excellent Excellent 
| Good Good 
| Good Good 
Fair 


| Fair 





! 








0.303 
1650-1660 


71 


Fair 
Excellent 
1150-1450 
800-1100 
40 


Excellent 
Good 
Good 

Fair 





CORROSION RESISTANCE 


Generally good resistance to industrial, rural and marine atmospheres; also gasolines, fuel oils and lacquers. 
Generally poor resistance to ammonia, ferric and ammonium compounds, and cyanides 





Good res. to weak 
acids and bases; 
some res. to strong 
acids and bases. 
Highly res. to dezinc- 
ification or stress- 
corrosion cracking. 


Susceptible to dezincification and stress corrosion cracking 





Good res. to weak 
bases; some res. to 
strong bases and 


to strong acids 


weak acids; poor res. 


Some resistance to weak acids and bases; poor resistance to strong 
acids and bases. Good resistance to sulfides. Poor resistance to soft 
and high salinity water 





AVAILABLE FORMS 


Rolled strip, sheet, 
wire, tube, pipe 


Wire, rolled strip and 
flat wire 


wire, tube 


Rolled strip and bar, 
flat wire, sheet, rod, 


Rolled strip and flat 
wire, drawn flat wire, 
sheet, plate, rod, wire 


Rolled strip and bar, 
sheet, plate, rod, tube 





USES 





Weatherstrip, elec- 
trical sockets, fasten- 
ers, heat exchanger 
tubes, flexible hose, 
plumbing, jewelry 


Ornamental metal 
work, battery caps, 


clock dials, pump 





lines 


musical instruments, 





nition components 


Automotive radiator 
cores and tanks, 
lamp fixtures, fasten- 
ers, springs, ammu- 





Grillwork, reflectors, 
lamp fixtures, fasten- 
ers, stencils, plumb- 
ing accessories, 
springs 





Architectural trim, 
large nuts and bolts, 
condenser plates, hot 
forgings, valve stems 








eWhere two values appear, second is for wire. 





40.5% extension under load. 
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iBased on free-cutting brass = 100. 


Nonferrous 
Metals 












Properties of Materials ° 


Cast Aluminum Bronzes 





NONFERROUS METALS 











BBIIi Grade »> 


9A 9B 9C 9D 





COMPOSITION, % 




























PHYSICAL PROPERTIES 
Density, Ib/cuin......... 
Melting Point Range, F... 
Ther Cond (68 F), 
Btu/hr/sq ft/°F/ft...... 
Coef of Ther Exp, per °F.... 
| Elec Res (68 F), microhm-cm 





h MECHANICAL PROPERTIES 
| Mod of Elast in Tension, psi. 
Ten Str, 1000 psi 
ee 
Sand Cast & Heat Treated... 
Yid Str (0.5% ext), 1000 psi 
EE ae: 
Sand Cast & Heat Treated... 
Elongation (in 2 in.), % 
SP 
Sand Cast & Heat Treated... 
Hardness (Brinell) 
ee 
Sand Cast & Heat Treated. . 





THERMAL TREATMENT 
Normalizing Temp, F. 


Quenching Temp, F.... — 
Tempering Temp, F............... 





FABRICATING PROPERTIES 
Castability 


Machinabil'ty Index 
(free-cutting brass = 100)....... 


Weldability . 


| Cu83min, Al 10-11.5, | Cu 81, Al 11, Fe 4, 


Cu 87.5, Al 9, Fe 3.5 | Cu 89, Al 10, Fe 1 
| | Fe 3-5, Ni 2.5 max, | Ni4 


| 











| Mn 0.5 max 
- —— \ oe ee 
0.267 | 0.270 | 0.272 0.273 
= | 1900 1910-1850 1937 
_ 33 — 22 
9.5 x 10-68 9.5 x 10-6» 9.0 x 10-8 | iam 
13 13.5 | 12 | 75 
17 x 108 15 x 108 18 x 108 17 x 108 
75 | 67 75 95 
- | 90° 1054 115¢ 
27 | 32 35 45 
sith | 40¢ 524 70¢ 
35 | 15 18 7 
—_ | 15¢ 104 Be 
120 | 140 | 155 195 
180¢ | 2304 235¢ 
Heat to 1500, furnace cool to 1000, air cool 
1600-1700 | 1600-1700 | 1600-1700 1600-1700 
700-1200 | 700-1200 | 700-1200 | 


700-1200 





Because of narrow freezing ranges and high shrinkage, aluminum bronzes are difficult to 


| cast. In addition, they are sensitive to gases. In melting, precautions must be taken to 


minimize stirring and breaking the oxide skin on the surface of the melt to prevent absorp- 
tion of gases. In pouring, agitation must be avoided, and castings are generally bottom 
gated to reduce turbulence. Shrinkage difficulties are overcome by use of large risers 
(to feed the casting) and chills 





20-30 20-30 20-30 20-30 











Can be welded by carbon arc, inert-gas-arc and resistance methods. Can be brazed with 
silver brazing alloys, but require special fluxes 












CORROSION RESISTANCE 


Generally good resistance to atmosphere, water and salt water, and salt solutions. Some 
resistance to alkaline solutions and nonoxidizing inorganic acids. Poor resistance to 
ammonia compounds, ferric salts and oxidizing inorganic acids 
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USES Machine parts, pump impellers and castings, gears, rolling mill bearings, segments and 
washers, bearings, chemical plant equipment, pickling equipment such as chains and 
hooks, marine propellers, pump casings, fittings 

270-250 F. b70-500F. 


eWater quenched from 1625 F, tempered at 1125 F, water quenched. 
dWater quenched from 1625 F, tempered at 1000 F, water quenched. 
eWater quenched from 1625 F, tempered at 1150 F, water quenched. 









Phosphor Bronzes 






































Type »> Phosphor Bronze, 5% Phosphor Bronze, 8% | Phosphor Bronze, 10% | Phosphor Bronze, 1.25% 
(Grade A) (Grade C) (Grade D) (Grade E) 
| | 
OMPOSITION, % Cu 94.0 min, Sn 3.5-5.8, | Cu 90.5 min, Sn 7.0-9.0, | Cu 88.5 min, Sn 9.0-11.0, | Cu 98.5 min, Sn 1.0-1.5, 
P 0.03-0.35 P 0.03-0.35 P 0.03-0.25 P trace 
PHYSICAL PROPERTIES 
Density, Ib/cu in................ 0.320 0.318 0.317 0.321 
Melting Temp Range, F......... 1750-1920 1620-1880 1550-1830 1900-1970 
Ther Cond (68 F), Btu/hr/sq ft/ 
_. een eneal 47 | 36 | 29 120 
Coef of Ther Exp (68-572 F), | 
SE Madsicsensdannst- | 9.9x 10° 10.1 x 10* 10.2 x 10° 9.9 x 10° 
Spec Ht (68 F), Btu/Ib/°F....... 0.09 0.09 0.09 0.09 
Elec Res (68 F, annealed), mi- 
ns kadccedcncoccasci 9.6 13 16 3.6 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..... 16 x 10 16 x 10¢ 16 x 10 17 x 10 
Ten Str, 1000 psi 
(ass ee 47, 50 | 55, 60 66, 66 40,— 
ER cicacinesndncnenal 68, 85 76, 105 83, 118 55,— 
a énchedseesstesacsaee 81, 110 | 93, 130 | 100, 147 65, 76 
4tsisacenekes osu 100, 140 112,— 122, — 15,— 
PE ere rere 107,— 120,— 128, — —,— 
Yid Str, 1000 psi' 
RS ca paisa daadeaxadee 19 24 28 14 
errr 55 55 ae _ 
ie csv scnccnil 75 72 a | 50 
Elong (in 2 in.), % 
RR 64 70 68 | 48 
sre 28 32 32 16 
res 10 10 13 8 
0 Aree 4 3 4 | 4 
eS 3 2 3 | _ 
Hardness (Rockwell) 
ee B26 B50 B55 _ 
Es. cedkcvavesdacuall B78 B84 B92 B64 
Rie ibe ccksdesciweakee B87 B93 | B97 B75 
kine di biiwewewadeads B95 B98 | B101 B79 
Ns oi vbsdsacvesines B97 B100 | B103 | - 
FABRICATING PROPERTIES | 
Cold Workability............... Excellent Good Good Excellent 
ee Poor Poor Poor | Good (1450-1600 F) 
Annealing Temp, F............. 900-1250 900-1250 900-1250 900-1200 
Machinability Indexe............ 20 20 20 20 
Joining 
Soft Soldering............... Excellent Excellent Excelient Excellent 
Silver Alloy Brazing.......... Good Good Good Excellent 
Oxyacetylene Welding......... Good Good Good Good 
Resistance Welding........... Good Excellent Excellent Fair 


Common Processes 


oe eee eee eeee 


Blanking, drawing, form- 
ing and bending, heading 
and upsetting, roll thread- 
ing and knurling, shear- 
ing, stamping 


Blanking, drawing, form- 
ing and bending, shear- 
ing, stamping 





Blanking, forming and 
bending, shearing 








Blanking, forming and 
bending, heading and up- 
setting, shearing, squeez 
ing and swaging 





CORROSION RESISTANCE 


Generally good resistance to atmosphere, water and salt water, and salt solutions. Some resistance to alkaline 


solutions and inorganic acids. Poor resistance to organic acids, cyanides, and ferric and ammonium compounds 





AVAILABLE FORMS 


—_— _———(—iC— —_ - - — 


USES 


Rolled strip, rolled flat 
wire, rod, wire, tube 





Rolled strip, rod, wire 


Rolled strip, wire 








Bridge bearing plates, chemical hardware, perforated 
sheets, textile machinery, welding rods, beater bars, 
bellows, clutch disks, cotter pins, diaphragms, fuse 
clips, fasteners, lock washers, sleeve bushings, 
springs, switch parts, truss wire, wire brushes 


Heavy bars and plates 
for severe compression, 
good wear and corrosion 
resistance. Bridge and 
expansion plates 








Electrical contacts, flexi- 


ble hose, pole-line hard- 
ware 








aTwo values are for flat products and wire, respectively. 





b0.5% extension under load. 






eBased on free-cutting brass — 100. 
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Nonferrous 
Metals 































































Properties of 










Nickel Silvers 


Materials 


NONFERROUS METALS 











WUE cho dos dice cscs coos 


Type » 65-18 65-12 65-12 65-10 55-18 
Leaded 
COMPOSITION, % Cu 65, Ni 18, Zn 17 | Cu 65, Ni 12, Zn 23 | Cu 65, Ni 12, Zn 21, | Cu 65, Ni 10, Zn 25 ; Cu 55, Ni 18, Zn 27 
Pb 2 
PHYSICAL PROPERTIES 
Density (68 F), Ib/cu in..... 0.316 0.314 0.314 0.313 0.314 
Melting Temp Range, F..... 1960-2030 1830-1900 1830-1900 1800-1870 1830-1930 
Ther Cond (68 F), Btu/hr/ | 

Se LC cdesanennchs 19 23 22 26 17 
Coef of Ther Exp (68-572 F) 

POE Wisissesceesses 9.0 9.0 9.0 9.1 9.3 
Spec Ht/(68 F), Btu/Ib/°F.. 0.09 0.09 0.09 0.09 0.09 
Elec Cond (68 F), % IACS.. 6 8 15 9 | 55 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10¢ 
oc kal 18 | 18 17 17.5 18 
Ten Str, 1000 psi 

Annealed............... 56-60 52-61 52-55 49-63 60 

ee 70-86 73 — 73-85 

ae 85-103 85 70-89 86-105 100 

a -- 93 — 95 108 
Yid Str, 1000 psi* 

Se 25-30 18-28 18-24 18-28 27 

acc cceceheees 60-80 60 — 60 

a 74-90 75 60-79 75 85 

anda coy evan — 79 — 76 90 
Elong (in 2 in.), % 

PUES ib ccssccvccccns 56-60 35-48 40 35-50 40 

| 7-20 ll = 7-12 

ae 3 4 3-18 4-5 3 

re a 2 — 3 25 
Hardness (Rockwell) 

hs radehneee a B40-55 B22-55 B27 B22-52 | B55 

| B78-83 B80 B80 

= Ee B87 B89 B80-86 B89 B91 

a — B92 B92 B96 
Shear Str, 1000 psi 

cea ies cs tans - 4) 4] 

ss oes andi ces ~ 47 50 

8 — 92 95 

aS ae — 96 99 

FABRICATING PROPERTIES 
Annealing Temp, F......... 1100-1500 1100-1500 1100-1500 1100-1500 1100-1500 
Hot Workability............ Poor Poor Poor Poor Poor 
Cold Workability........... Excellent | Excellent Good Excellent Good 
Machinability Index»... .... 20 | 20 60 20 | 30 





Soldering, exce'lent; silver alloy brazing, good to excellent; carbon arc welding, fair; resistance welding, excellent; 
oxyacetylene welding, good 





CORROSION RESISTANCE 


—_—_— — — _ 
a 


AVAILABLE FORMS 


Attacked rapidly by oxidizing acids. Resistant to sodium and potassium hydroxide but attacked rapidly by ammo- 
nium hydroxide and moist ammonia. Good resistance to rural and marine atmospheres and to fresh and salt waters. 
Subject to stress corrosion 








USES 


Sheet; strip; rods, bars, and shapes; wire; spring. Forging, extruding and casting alloys are also available 





Most popular. Hard- 
ware, marine and 
automotive trim, 
camera parts, light- 
ing fixtures, costume 
jewelry, screws, 
springs, slide fast- 








eners 


Slide fasteners, 
nameplates, decora- 
tive trim, camera 
parts 





Key blanks, gears, 
pinions, screw ma- 
chine parts, watch 
parts, camera and 
binocular parts, 
musical instrument 
parts 





Rivets, screws, slide | Excellent for springs. 
fasteners, optical | Springs and contacts 
parts, hollow ware, | in telephone equip- 
nameplates ment, electrical con- 
trols. Resistance wire, 
surgical and dental 
instruments, dia- 
phragms, hardware 








20.5% extension under load. 





bBased on free-cutting brass = 100. 
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Tin and Aluminum Brasses 








Type »> Admiralty Naval Brass Leaded Manganese Aluminum 
Naval Brass Bronze (A) Brass 
COMPOSITION, % Cu 70.0-73.0, Sn Cu 59.0-62.0, Sn Cu 59.0-62.0, Pb Cu 57.0-60.0, Fe Cu 76.0-79.0, Al 


PHYSICAL PROPERTIES 

Density, Ib/cu in. 

Melting Temp Range, F 

Ther Cond (68 F), Btu/hr 
eR F/h....... 

Coef of Ther Exp (68-572 F), 
ee re 

Spec Ht (68 F), Btu/Ib/°F 

Elec Res (68 F, annealed), 
microhm-cm.... — 


MECHANICAL PROPERTIES® 
Mod of Elastin Tension, psi 
Ten Str, 1000 psi 

Annealed» 

Quarter Hard 

Half Hard 
Yid Str, 1000 psi» 

Annealed...... 

Quarter Hard 

Half Hard.... 
Elong (in 2 in.), % 

Annealed. ..... 

Quarter Hard 

Half Hard 
Hardness (Rockwell) 

Annealed. . 

Quarter Hard 

Half Hard.... 
Shear Str, 1000 psi 

Annealed... 

Quarter Hard 

Half Hard 


FABRICATING PROPERTIES 

Cold Workability 

Hot Workability 

Annealing Temp, F 

Machinability Index: 

Joining 
Soft Soldering 
Silver Alloy Brazing..... 
Oxyacetylene Welding. ... 
Resistance Welding 


0.9-1.2, As, Sb, or P 
0.10 max, Zn bal 


0.308 
1650-1720 
64 


11.2 x 106 
0.09 


6.9 


16 x 106 


93 
22 
65 


F75 


Excellent 
Fair 
800-1100 
30 


Excellent 
Good 
Good 

Fair 


0.5-1.0, Zn bal 


0.304 
1630-1650 


67 


11.8 x 10° 
0.09 


6.6 


15 x 10° 


9/ 
69 
15 


25 
46 
93 


47 
27 
20 


B55 
B78 
B82 


40 
43 
44 


Fair 
Excellent 
800-1100 

30 


Excellent 
Good 
Good 

Fair 


| 


| 


1.25-2.25, Sn 0.5-1.0, 


Zn bal 


0.305 
1630-1650 


67 


11.8 x 10-6 
0.09 


6.6 


15 x 108 


57 
69 
15 


25 
46 
53 


40 
20 
15 


B55 
B78 
B82 


36 
39 
40 


Poor 
Good 

800-1100 
70 


Excellent 
Good 
Fair 
Poor 


| 


| 
| 
' 


0.8-2.0, Sn 0.5-1.5, 
Mn 0.5 max, Zn bal 


0.302 
1590-1630 


61 


11.8 x 10° 
0.09 


7.2 


15 x 108 


65 
77 
84 


30 
45 
60 


33 
23 
19 


B65 
B83 
B90 


42 
4] 
48 


Poor 
Excellent 
800-1100 

30 


Excellent 
Good 
Good 
Good 


1.75-2.5, As, Sb, or P 
0.10 max, Zn bal 


a 


0.301 
1710-1780 


58 


10.3 x 10° 
0.09 


75 


16 x 108 


60 
27 
99 


F77 


Excellent 
Fair 
800-1100 
30 


Good 
Good 
Good 
Good 





CORROSION RESISTANCE 





AVAILABLE FORMS 





Good resistance to industrial, rural and marine atmospheres; petroleum products, alcohols, dry gases and sea water. 


Fairly good resistance to weak bases. Resistance to some weak bases and weak organic acids, but generally poor 
resistance to most acids and strong bases. Poor resistance to solutions of cyanides and ammonium compounds. 
Resistant to dezincification (especially Admiralty and Aluminum Brasses) 





Plate, wire, tube 


| Rolled strip, rolled | Drawn bar, rod, 


and drawn bar, plate, | shapes 


rod, tube, shapes 








Condenser, evapora- 
tor and heat ex- 
changer tubes; con- 
denser tube plates; 
distiller tubes ; ferrules 





barrels, balls, bolts, 
marine hardware, 
nuts, propeller shafts, 
rivets, valve stems, 


| 


Aircraft turnbuckle | Marine hardware, 
screw machine prod- 


| 
| 
| 


condenser plates, | 


welding rods 


| 


| Rod, shapes 





ucts, valve stems 


| Tube 


} 
} 


Clutch disks, pump | Condenser, evapora- 


rods, shafting, balls, 
valve stems and | 
bodies, welding rods 





tor and heat ex- 
changer tubes, distil- 
ler tubes, ferrules 











®8Mechanical properties are based on l-in. dia. Values for Admiralty and Aluminum Brasses apply to tube; 
cBased on free-cutting brass — 100. 


b0.5% extension under load. 





other values apply to rod. 
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Lead and Its Alloys (Hard) 


Properties of Materials * NONFERROUS 


METALS 









1% Shb-Lead Hard Lead 





































Joining........ 





CORROSION RESISTANCE 





USES 





Type »> Hard Lead 8% Sb-Lead Grid Metal 
(71-12% Sb) 
COMPOSITION, % Sb 1 Sb 4 Sb 6 Sb 8 Sb 9 
PHYSICAL PROPERTIES 
Density, Ib/cu in. exadestaczs 0.406 0.398 0.393 0.388 0.385 
Melting Temp Range, 7 ; 608-595 570-486 545-486 520-486 509-486 
Ther Cond (212 F), Btu/hr/ sq ft/°F, tt. 19 18 17 16 16 
Coef of Ther Exp (68-212 F), per °F. . 16 x 10-6 15.5 x 10-6 15.4 x 10 14.5 x 10-6 14.4 x 10-* 
Re ae 0.031 | 0.032 0.032 0.032 0.032 
Elec Res (68 F), microhm-cm...... 22 24 25 26.5 27.1 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. 2 x 108 
h Ten Str, 1000 psi 
Extruded. . 2.9 3.1 3,3 3,3 
Extruded & Aged. 3.0 _ - 
ee 3.0 40 4.1 46 4.7 
Chill Cast.......... 3.4 5.6 6.8 7.4 7.4 
Elong (in 2 in.), % 
Extruded.......... 58 58 65 75 
Extruded & Aged... 50 ~— - 75 
ree 60 48 47 31 17 
Chill Cast.......... 16 22 24 19 
Hardness (Brinell) 
So rere , 5.1 8.9 10.7 12.4 
Extruded & Aged..... 7 - — — 
a Serre ; 5.9 8 - 9.5 18 
Geman ............ 7 10 11.8 13.3 15.4 
Endurance Limit, “ib 
Extruded. . 1200 
Extruded & Aged. 1150 _ —- 
Rolled. . Baty — 1500 1500 1750 
Chill Cast. <a - — 2500 2700 
Creep Str (86 F)> 
Extruded. .... 350 210 _ 
Rolled. . — | 250 400 425 400 
FABRICATING PROPERTIES 
Casting Temp Range, F 750-925 | 750-925 750-850 790 925 750-925 


Soft solder with 50-50 or 40-60 solder using rosin or stearic acid as a hydrogen welding 
(lead burning): no flux, slightly reducing flame 





Similar to soft lead (see next page) 








Cable sheathing 





Rolled sheet for roofing and flashing; extruded pipe 
for corrosion resistance applications requiring greater 
strength than soft lead 


Battery grids 









a2 x 10? cycles. 
b1% extension in 10,000 hr. 
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Lead and Its Alloys (Soft) 












Type » Chemical Lead Common Lead Tellurium Lead 
(soft lead) 
COMPOSITION, % Pb 99.90+ | Pb 99.73+ | Te 0.05, Cu 0.06 max 
PHYSICAL PROPERTIES | 
Density, Ib/cu in. 0.41 0.41 0.41 
Melting Point, F.. ; _ 618 621 61/7 
Ther Cond (212 F), Btu/hr sq ft/° F/ft.. iveeant 19.6 19.6 19.3 
Coef of Ther Exp, per °F. . iecinetans 16.3 x 10-¢ 16.3 x 10-6 16 x 10 
Specific Ht (32 F), Btu/Ib/°F. . sa Dn aan 0.031 0.031 0.031 
Electrical Resistivity (68 F), microhm-« -cm.. : 20.6 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi 2 x 108 2 x 108 1.5 x 108 
Tensile Strength, psi 
Rolled...... 2450 2090 
Extruded 2200 2000 
Sand Cast. — 1800 
Chill Cast... 2200 2000 
Yield Strength, psi 
Rolled........ es aesies bass 1640 _ — 
es bac 4U kde Si sis com ee Ni ae ancedlen — -— 1500 
Lt - 800 — 
Elongation (in 2 in.), a 
Rolled. . 57 43 40 
Extruded. . 5 48 — 
Sand Cast. ... eran 30 
Chill Cast.......... 40 47 
Reduction of Area, % 
Sand Cast. . 100 
Chill Cast....... 100 
Hardness (Brinell) 
Extruded....... ; ~~ o 6 
ES eu vse coenswinw ocaKie Lae — 3.2-4.5 — 
tO la eke pb incsadwews 6 uee - 4.2 
impact Strength (Charpy, chill cast), ft-lb. - 10 
Endurance Limit (10? cycles), psi 
Extruded & Aged......... 725 470 1000 
Sand Cast........ - ~ 470 - 
Shear Strength, psi 
erate linn caphds cereannkscusias -- 1820 _ 
ae I es Sw nie wks ce ale — 1820 | — : 
Creep Strength (0.1% per ye rolled, 85 uhh - Fai 300 | 250 | 300 





FABRICATING PROPERTIES 
Casting Temp Range, F.. 


Pts tn een eeend thas 








































Formed by cold rolling and extrusion 





790-850 | 790-850 | 790-850 
— 2 

Soft solder with 50-50 or 40-60 solder using rosin or stearic acid flux. 

Oxyhydrogen welding (lead burning); slightly reducing flame; no flux 











CORROSION RESISTANCE 





AVAILABLE FORMS 






Resistant to sulfuric, sulfurous, phosphoric and chromic acids. 
Attacked by acetic, formic and nitric acids. Resistant to atmosphere 
and fresh and salt water : 









Castings, rolled and extruded shapes, sheet 











USES 






Chemical apparatus | Storage batteries, | Chemical apparatus 
cable sheath, ammu- 
nition, caulking, 
alloying, coatings, 
liquid baths for heat 

















treating 
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Materials 


Magnesium Alloys 


NONFERROUS METALS 






































ASTM Type »> MIA AZ31B-F | AZ61A-F AZ80A-F TA54A 
BOMPOSITION, % Mn 1.20 min | Al2.5-3.5,Zn | Al5.8-7.2,Zn | Al 7.8-9.2, Zn Al 3.0-4.0, Sn 
0.6-1.4,Mn | 0.4-1.5,Mn |  0.2-0.8, Mn 4.0-6.0, Mn 
0.20 min 0.15 min 0.12 min 0.20 min 
PHYSICAL PROPERTIES | 
i ois dain tilvwiivtesiacecienswer 0.064 | 0.064 | 0.065 0.066 0.067 
Melting Temp Range, F.....................05.. 1200 1050-1170 | 950-1140 900-1115 
Ther Cond (212-572 F), Btu/hr/sq ft/°F/ft....... 72.6 55.6 46.0 43.5 
Coef of Ther Exp, per °F | | | 
is aks ohKk ni cahensnededensd L4xl05 | 114x105 | 114x105 | 14x10 | 1.4 x 105 
| ere 16x105 | 116x105 | 416x105 | 16x105 | 16x 108 
a ag Ae 0.25 | 0.25 | 0.25 0.25 0.25 
Elec Res (68 F), microhm-cm?................... 5.0 | 10.0 12.5 14.5 13.8 
MECHANICAL PROPERTIES | | | 
Mod of Elast in Tension, psi..................... 6.5 x 106 | 6.5 x 106 6.5 x 106 6.5 x 106 6.5 x 108 
Ten Str, 1000 psi | 
BERG oiaigeekaa vase sed 26-38 35-39 40-45 40-49« | - 
i: rene n ade. cuthats eas vawncs ans 36 — 43 46 40 
Yid Str, 1000 psi 
og SEE SY See Ce ere 23-28 23-28 22-32 23-355 | _ 
es doen ntakn kc beets id ceedesess 23 _ | 26 316 28 
Elong (in 2 in.), % 
NS ecko ius ce aeticwss etbsaseaty 8-1] 12-18 | 15-16 10-12 
a tae thie ee ha iilees vedas endee aakes 7 — 12 8 | 12 
Compr Yid Str, 1000 psi | | 
a dn pais wks 0.4% Gusbls<ieckesencal 10-13 15-17 15-21 21-268 | — 
RR Lik ks eene des sdiiisersnededeanee - — 18 25° 2] 
Hardness (Brinell) | | | 
a ne ee 42-46 | 4950 | 5560 «| coer | 
dri cengucasiastienaboy 47 | a | 55 ne 52 
Shear Str, 1000 psi | | | 
re cece ERS cake dakadscue 16 19 21 21 
Sa Pa De Ee ee Ey 16 | — 21 22 16 
Endurance Limit, 1000 psi | | 
66nd 4 eshbeGencaQlsisccediseened 9 14 17 19 
aa yd i sw cuekakeean ead , — 16 18 ll 
Impact Str (Charpy), ft-lb 
Ns kacenasns n fiidedsinedayecines 2.1 | 3.2 3 2.2 | 
rd Lane Uslkiee sm eaeeaie ed _ | _ 2.2 1.8 2 
THERMAL TREATMENT | 
endo 5 ob hv bs ca nhaveds ese: 700 650 650 | 725 | 650 
Stress Relief Temp, F¢............ pomesaneeds 500 500 | 500 400 — 
cess sthanckahiseseeriend@a — — - 750 
a So _ _ | - 350 | 
FABRICATING PROPERTIES | 
Hot Working Temp Range, F°................... 550-650 450-650 450-650 | 275-375 450-820 
Weldabilitye | | 
Pos vss sonsservecececccecscessceseeeess A B C D B 
RS: oe 6d SEWER dc cauieensss A A A C C 
citi stark ck Gil inigeiwnadedebeudse A A A A | B 
Machinability Index (free-cutting brass=100)..... 500 500 500 500 500 
IO iran uh pies vineeseen wastes uuse A A B C B 
ET RET I eee PET B A C | D C 
CORROSION RESISTANCE High resistance to atmosphere Good atm res. 





AVAILABLE FORMS 





APPLICATIONS 


shapes, tubing 


Sheet, plate, rod, bar, extruded 





forgings 


Rod, bar, extruded shapes, tubing, 


Rod, bar, forg- 
ings 











Air frame parts, textile machinery, truck bodies, jet engine parts 





aTensile, tensile yield and compressive yield strengths, and hardness of AZ80A-F can be increased several per cent by heat treating, at 


some expense to elongation. 


bGenerally, strengths and hardness of extruded bar are highest, extruded tubing lowest, and extruded shapes intermediate in the 


ranges of values given. 


cHigher working temperatures can be used if they do not require heating hard rolled or aged alloys above the annealing or aging 


temperature. dFor extrusions. 
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eLetter A indicates most favorable, B less favorable, etc. Relative to magnesium alloys only. 







































Cast Magnesium Alloys 





















































Type* » AZ63A M1B AZ92A AMI00A AZSIA 
COMPOSITION, % Al 5.3-6.7, Zn Al 8.3-9.7, Zn Al 9.3-10.7, Zn Al 8.3-9.7, Zn 
2.5-3.5, Mn Mn 1.20 min | 1.6-2.4,.Mn | 0.3max,Mn j}  0.4-1,0, Mn 
0.15 min | 0.10 min 0.10 min | 0.13 min 
PHYSICAL PROPERTIES | 
Density, Ib/cuin......... saeedenmee tees 0.067 0.064 0.066 0.066 0.066 
Melting Temp Range, F................0....028. 850-1135 1200 830-1100 | 865-1100 875-1105 
Ther Cond (212-572 F), Btu/hr/sq ft/°F/ft...... 43.5 72.6 4).1 40.7 41.1 
Coef of Ther Exp (66-212 F), per °F........ ... 1.4x 105 1.4 x 10° | 1.4 x 105 1.4 x 105 1.4 x 105 
Spec OH (76 F), Gtw/TO/F .... 2... ccc eee eee 0.25 0.25 0.25 0.25 0.25 
Elec Res, microhms-cm | 
As Cast............ Ndetentebideanee 5 =| «66 | 10 | 10 | 170 
err 14.0 : 17.0 | 17.5 — 
MECHANICAL PROPERTIES | | | | 
Mod of Elast in Tension, psi..................... 6.5 x 108 | 6.5 x 108 | 6.5 x 108 6.5 x 10° 6.5 x 108 
Ten Str, 1000 psi 
“yee jeneaseesneioenceal 29 14 24 | 22 | 36 
ee ene 40 . 40 40 - 
Sol’n Treated & Aged... 2... eee. 40 - 40 40 — 
Yield Str, 1000 psi | 
As Cast........ eT TT Teeter ere 14 4.5 | 14 | 12 | 23 
Sol’n Treated cake eecuSeceteeess 14 — 14 13 — 
Sol’n Treated & Aged. ...........cceeeeee. 19 _ | 22 | 19 — 
Elongation (in 2 in), % 
As Cast axes alan eae | 6 5 | 2 | 2 | 4 
Sol’n Treated OE EE Oe eT eee eT eee 12 — | 10 10 — 
Sol’n Treated & Aged.......... Shee 5 — 2 | l — 
Hardness (Brinell) 
aS ia oad ee og wk aeae ede 50 | 33 | 65 | 53 60 
ed ionre  kcaidicesevesciecuaes 55 - 63 52 | — 
Sere Teested & Aged. ....... 0. ccc cccccecees 73 — 83 | 69 — 
Shear Str, 1000 psi | | 
| ae elect bincuiimncaul 18 1] | 19 18 | 20 
Sol’n Treated. . . i ecudamvde bakes eee we 19 — 20 20 
Sol'n Treated & Aged. sates oe 21 : 21 22 
Endurance Limit, 1000 psi 
Ne ESS ee ll 1] 10 14 
EE 14 _ | 14 ll | — 
Sol’n Treated & Aged. .............00020 000. 13 _ | 13 | 10 | 
Impact Str (1zod), ft-lb | 
eee ean. aa Abe e bens ceeees hus 3 5 l 2 2 
Sol’n Treated WA Sia iueeenkeewrieed 5 — | 4 4 
EE ee 2 l 2 
THERMAL TREATMENT | | 
Ee ers ne 730 — 760 790 — : 
al iri awe winds 6-cd keahs recedaeds 375 — 420 400 — 
Stabilizing Temp, F............0..005- cengantela 500 _ 500 500 _- 
FABRICATING PROPERTIES 
Casting Temp, F 
ey eee Pereet 1350-1550 | 1350-1550 1350-1550 1350-1550 -- . 
a EE EE ee ‘ekenana 1200-1500 | ~~ 1200-1500 1200-1500 1150-1250 
a ni las whining d Ab th Be oad D,D,A | A,A,A D,A,A D,A,A — 
I 5s dnkde debndeadesnae seae 500 500 500 500 500 
CORROSION RESISTANCE 
Resistance to Atmosphere.......... add de baine vel Good Good Good Good Good . 
Resistance to Salt Water>....................... B A B D B 
AVAILABLE FORMS Sand castings | Sand castings Sand and perm | Sand and perm | Die castings 
| mold castings | mold castings | 
USES Parts for aircraft landing wheels and reciprocating and jet type engines. Vacuum cleaners, 
portable grinders and drills, foundry flasks, textile machinery, pistons. Various fittings 





aASTM BS80-55T, B199-55T and B94-54. bLetter A indiates most favorable, B less favorable, etc. Relative to magnesium alloys only. 
cRatings for torch, inert-are and electrical resistance methods in that order. dBased on free-cutting brass — 100. 
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Nickel and Its Alloys 


Properties of Materials 


NONFERROUS METALS 









Type »> 


A Nickel Low Carbon Nickel 


Duranickel 




































COMPOSITION, % 


PHYSICAL PROPERTIES 
ET a a re 
Melting Temp Range, F...........eeceeeeeee 
Ther Cond (80-212F), Btu/hr/sq ft/°F/ft....... 
Coef of Ther Exp (80-212 F), per °F........... 
Specific Heat (80-212 F), Btu/Ib/°F 
Electrical Resistivity (32 F), microhm-cm 
Magnetic Transformation Temp, F 
Magnetic Properties 


eeeeeeereeee 





MECHANICAL PROPERTIES* 
Modulus of Elasticity in Tension, psi 
Tensile Strength, 1000 psi 


reer e Chr ekaweses +4 eneacee 
Annealed, Age Hardened.................. 
Tet pe kabsiesee seshss0siods on 
Spring Age Hardened..................... 
Yield Strength, 1000 psi 
eee eae 
Annealed, Age Hardened................. 
EE ee ee 


Spring, Age Hardened 
Elongation (in 2 in.) % 
eer ror 
Annealed, Age Hardened 
salt BP re 
Spring, Age Hardened 
Hardness (Rockwell) 
ES ee 
Annealed, Age Hardened 
Spring 
Spring, Age Hardened 
Endurance Limit (108 cycles), 1000 psi 
LE SRAME ERs teedesssedseeess 
Hot Rolled, Age Hardened 
ee 
Cold Drawn, Age Hardened 


eeeeesreeeeeeeeeeeese 


eeeeesreeeeeeeeeees 


eeoeeesrereeeeeseeeeees 


eeeetrereeeeeeseeeeee 
eeeeeeeeeeeeeeeeeeeeee eee eee eeeeae 


THERMAL TREATMENTS 
Annealing Temperature, F 
Aging Temperature, F....................05. 

FABRICATING PROPERTIES 
Hot Working Temp Range, F 

Heavy Forging, Drop Forging............... 
Light Forging 





eeeeeeee eee eee eee eeeeeeeeee 


Joining 





AVAILABLE FORMS — 


| 


Ni 99.45, C 0.06, Mn 0.25, | Ni 99.55, C 0.01, Mn 0.20, 
Fe 0.15, S 0.005, Si 0.05, | Fe 0.15, S 0.005, Si 0.05, 


Cu 0.05 Cu 0.05 
0.321 0.321 
2615-2635 2615-2635 
36 36 
7.4x 10+ 7.4x 10° 
0.130 0.130 
9.5 9.5 
680 680 
Magnetic | Magnetic 
30 x 10¢ 30 x 10¢ 
55-75 50-60 
90-130 _ 
15-30 12-25 
70-115 
55-40 60-40 
ink | as 
15-2 | — 
B64 (max) B55 (max) 
B95 (min) 
33 33 
50 50 


1500 (3-6 min) 


1500 (2-5 min) 


1600-2300 
1200-1600 | 


1400-2300 
1200-1600 


Al 4.05, Ti 0.45 


Ni 93.90, C 0.15, Mn 0.25, Fe 
0.15, S 0.005, Si 0.55, Cu 0.05, 


0.298 
2550-2620 


| 10.7 (soft), 11.2 (age hardened) 


7.2 x 10° 
0.104 
46.5 (soft) 
120 (soft) 
Slightly magnetic 


30 x 106 


90-120 
160-190 
155-190 
180-230 


35-60 


50-130 
25-10 
10-2 
15-5 


B90 (max) 
C30-40 
C30-40 
C36-46 


51 
92.5 
51 
61 


1600 (2-5 min) 
1100 (8-16 hr) 


1900-2300 
1600-1900 





Metallic arc, inert-gas metal arc, oxyacetylene and 
resistance welding; silver and copper brazing; soft 
soldering 


Metallic arc, inert-gas metal arc 
and resistance welding; silver 





brazing; soft soldering 





Sheet, strip; rods, bars and shape 


s; tube; plate 
















USES 





Generally used in process 
equipment for resistance 
to corrosion and high 
temperatures. Also used 
in electronic equipment 
for vacuum tube parts, 
leads and springs 


Equipment for production 
and handling of molten 
caustic soda and other 
molten salts. Spun or 
coined parts. Long time 
service at 700-1200 F 





Parts requiring corrosion resist- 
tance and strength at elevated 
temperatures, such as springs, 
dies for extruding plastics, fas- 
teners, vacuum tube components 















aValues are for sheet and strip unless otherwise specified. 


MATERIALS IN DESIGN 
Formerly Materials & Methods 


ENGINEERING 





Nickel and Its Alloys—concluded 





Name » 


Monel 


K Monel 


Inconel 


Inconel X 





NOMINAL COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cu in... . 
Melting Temp Range, F. 
Ther Cond (80-212 F), 
Btu/hr/sq ft/°F/ft. ... 
Coef of Ther Exp (77-212 F), 
in i ae al 
Spec Heat (70-750 F), Btu/Ib/°F 
Elec Res (68 F), microhm-cm 
Magnetic Properties....... 





MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 

Annealed... 
Annealed, Age Hardened 
Spring. .... 
Spring, Age Hardened....... 
Yid Str, (0.2% offset), 1000 psi 
Annealed 
Annealed, Age Hardened 
Spring. ...... ear 
Spring, Age Hardened 
Elong (in 2 in.), % 
Annealed....... 
Annealed, Age Hardened... 
ee 
Spring, Age Hardened 
Hardness (Rockwell) 
Annealed......... 
Annealed, Age Hardened 
ae 
Spring, Age Hardened 





THERMAL TREATMENTS 
Annealing Temp, F 


Solution Temp, F 
Aging Temp, F.. 





FABRICATING PROPERTIES 
Hot Working Temp Range 
(hot forging, drop forging), F 
Cutting Speed, fpm> 


Joining Methods 





AVAILABLE FORMS 





USES 


Ni 66.00, C 0.12, Mn 0.90, 
Fe 1.35, S 0.005, Si 0.15, 
Cu 31.50 


0.319 
2370-2460 


15 
7.8 x 10° 
0.127 
48.2 
Slightly magnetic 
26 x 108 
70-85 


100-140 


25-45 


90-130 


50-35 
15-2 


B68 (max) 


B98 (min) 


1600-1800 (open), 
1400-1500 (box) 


1700-2150 
125-225 


Ni 65.30, C 0.15, Mn 0.60, 
Fe 1.00, S 0.005, Si 0.15, 


| Cu 29.50, Al 2.80, Ti 0.50 | 


0.306 
2400-2460 


10.8 
7.8x 10° 


0.127 
58.3 


Nonmagnetic to —150 F | 


26 x 108 


90-105 
130-170 
145-165 
170-200 


40-65 
90-120 
130-160 
130-180 


45-25 
25-15 
8-3 
10-5 


B85 (max) 
C24-33 
C€25-32 

C3440 


1400-1800 (1-5 min) 
1100 (8-16 hr, f.c.°) 


1900-2150 
100-200 


| Ni 76.40, C 0.04, Mn 0.20, 


Fe 7.20, S$ 0.007, Si 0.20, | 


Cu 0.10, Cr 15.85 


0.304 
2540-2600 


8.7 
6.4 x 10 
0.109 
98.1 
Nonmagnetic 


31 x 106 
80-100 


145-170 
30-45 
120-160 


95-35 


10-2 


B84 (max) 


€30 (min) 


1600-1800 


1700-2300 
100-175 


| 


Ni 72.80, C 0.04, Mn 0.70, 
Fe 6.75, S 0.007, Si 0.30, 


| Cu 0.05, Cr 15.15, Al 0.80, 


Ti 2.55, Cb+Ta 0.85 


0.298 
2540-2600 


8.7 


9x 106 
0.10-0.11 
124.6 (122 F) 
Nonmagnetic 


31 x 10° 


110-130 
155-180 
200-225 
250-285 


45-65 
100-125 
230-240 
260-290 


40-55 
30-20 
1.6 (approx) 
] 


B95 (max) 
C30-37 


1900-2000 (15-30 min) 


2100 (2-4 hr, a.c.°) 
1550 (24 hr, a.c.), 
1300 (20 hr, a.c.°) 


1800-2200 





resistance welding; silver and copper brazing; soft 


soldering 


silver brazing 





Sheet, strip, rod, bar, shapes, tube, plate 


| Metal arc, inert-gas metal arc, oxyacetylene and | Metal arc, inert-gas metal arc and resistance welding: 


Sheet rod, bar, shapes 








Applications requiring 
combination of good 
strength, ductility and 
corrosion resistance. Con- 
denser and heat ex- 
changer tubes; pickling 
baskets, hooks and rods; 
pump shafts; valve 
stems ; springs; fasteners 


Applications requiring 
greater strength and 
hardness than monel with 
same corrosion resistance 
and strength comparable 
with that of mild steel. 
Pump shafts and liners, 
valve seats and stems, 
electrical contact arms 





Food processing equip- 
ment, such as cookers, 
kettles, steamers and 
storage tanks. Other pro- 
cess equipment requiring 
similar combination of 
strength, corrosion resis- 
tance and good elevated 
temperature properties 








High strength, high tem- 
perature alloy (can oper- 
ate extended periods at 
1000 F) for application in 
steam turbines, jet en- 
gines, heat treating 
equipment. Furnace muf- 
fles, springs, turbine 
blades, bellows, fasteners 








ca.c.—air cool, f.c.—furnace cool. 







aValues are for sheet and strip unless otherwise specified. 


bSurface speed with single point cemented carbide tools. 
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Properties of Materials 





Cast Nickel Alloys 


NONFERROUS METALS 

































Type »> Nickel Inconel S Inconel Monel | S Monel 
COMPOSITION, % Ni 95.6, Cu 0.5, | Ni 71.5, Cu 0.50, | Ni 68.0, Cu 0.5, | Ni 63.0, Cu 32.0, | Ni 63.0, Cu 30.0, 
Fe 0.5, Si 1.5, | Fe 8.0, Cr 16.0, | Fe 8.5, Mn 1.0, | Fe 1.5, Si 1.6, | Fe 2.0, Si 4.0, 
Mn 0.8, C 0.80, | Si 2.0, Mn 1.0, | Si 5.5, Cr 15.5, | Mn 0.75, C 0.15, | Mn 0.75, C 0.1, 
S$ 0.008 C 0.20, S 0.008 | S 0.008, C 0.20 | S$ 0.015 | $ 0.015 
PHYSICAL PROPERTIES | 
os els gis ciwhudoxda 0.301 0.300 | 0.292 0.312 0.302 
BT ee 2450-2600 2500-2550 | — | 2400-2450 | 2300-2350 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft........... 34.2 8.7 | _ 15.5 | 11.3 
Coef of Ther Exp (70-1400 F), per °F............. 8.85 x 10-6 8.92 x 10-6 920x110 {| 90x10 8.7 x 106 
Spec Ht (80-750 F), Btu/Ib/°F.................. 0.13 0.11 — 0.13 0.13 
Elec Res (32 F), microhm-cm.................... 20.8 11.6 12.6 53.2 63.1 
BE UID FONE Fiivvccscnccccoccsccccaees 680 ~40 | | 110-140 ~70 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..................... 21.5 x 106 23 x 106 25 x 106 | 23.0 x 108 24.2 x 108 
Mod of Elast in Torsion, psi................00.0. 11.0 x 106 11.0 x 108 - 9.5 x 108 9.5 x 108 
Ten Str, 1000 psi | 
yea ach usual . | 75-30 | _ 120-145 
i ad ea n's db svn X04404c00 ds ve 50-65 65-90 90-120 65-90 120-145 
Yid Str (0.5% ext), 1000 psi | | 
MUI oie csvdcscecesecsceveses = ‘ 55-70 | "we 85-130 
ab kascsons faces Kens oat ev earsess 15-30 | — } 80-100 | 32-45 80-130 
Elong (in 2 in.), % | | 
ad bon dick ded awn bewemnd — | — 4-] | — 1-4 
iach ian ceded soees bended 30-15 20-10 3-1 20-50 1-4 
Hardness (Brinell) | | | | 
cc ccincecccncnadsesdvanesa’ — — 300-380 | — 300-380 
a di ET Ce 90-130 | 150-300 300-380 125-150 275-350 
Impact Str (Charpy, rm temp), ft-Ib............. 90-75 24 — 80-65 9-3 
FABRICATING PROPERTIES | 
Re 2700-2900 2800-2950 2700-2900 2700-2850 2650-2800 
Pattern Shrinkage, in./ft...................00. 0.25 0.25 0.25 0.25 0.25 


RR A ice beikaceect enna 





CORROSION RESISTANCE 


j 
} 
| 





Fabrication or 
repair by any 
standard proc- 
ess* 


Repair welding |Not recommended 


by any standard | 
process * 


Limited amount |Not recommended 
of repair weld- | 
ing® 

| 





Good corrosion 
resistance, espe- 
cially to hot con- 
centrated caus- 
tic soda, and 
chlorine and 
fluorine gases 





USES 


Evaporators, 
tanks, heating 
coils, tubular 
condensers and 
other processing 
equipment; 
magnetostrictive 
devices; appli- 
cations in incan- 
descent lamp 
and radio indus- 





tries 





Resistance to nitric acid, ammonium 
hydroxide and oxidizing conditions 
superior to that of nickel. Good 
resistance to oxidation at tempera- 
tures up to 2200 F. Good resistance 
to corrosive vapors above 800 F 


Good resistance to flowing salt 
water; dilute acids; hydrochloric, 
hydrofluoric, sulfuric, phosphoric 
and most organic acids; and strong 
caustic soda. Not resistant to strong- 
ly oxidizing solutions such as nitric 
acid and ferric chloride 





Dairy equipment, food handling 
equipment, airplane exhaust mani- 
folds, utensils. Used extensively in 
oxidizing and carburizing atmos- 
pheres at elevated temperatures. 
Inconel S castings have higher re- 
sistance to wear and galling than 
Inconel 





Valve seats, liners, pump rods, 
bushings, nozzles, turbine blading, 
pickling equipment, laundry 
machines, paper mill and oil re- 
finery equipment, food-handling 
equipment, storage tanks, boilers. 
Monel S castings have higher re- 
sistance to galling and erosion 
than Monel 





MATERIALS IN DESIGN 


aFor joining by welding, a weldable grade is available. 





ENGINEERING 
Formerly Materials & Methods 





Low Expansion Nickel Alloys 

















Composition (%)* =» Ni 36 Ni 42 Ni 47-50 
PHYSICAL PROPERTIES | 
RI dais cscndedscesnendecen 0.292 0.292 0.296 
PE EW vcedcnassesacevesesenss da 2600 2606 2600 
Ther Cond (68-212 F), Btu/hr/sq ft/°F/ft .. 6.05 6.21 6.91 
Coef of Ther Exp, per °F 
CEE, CUE Chock avccaxieuanssinncks 1.10 x 10-6 3.42 x 10-6 | 5.37 x 10° 
i. Serer rere rrr? 0.70 x 106 3.18 x 10° | 5.55 x 10° 
I , Pree rere. 1.50 x 10-6 2.97 x 106 5.55 x 104 
ME ST inbng 6:$0084000 9650444005 6.35 x 106 3.15 x 106 5.55 x 10-6 
BE MM csvnsceseceenecusseeees 8.61 x 10-6 5.50 x 106 5.60 x 10 
ET ibsvcacenkeesapsnes sive 9.48 x 10-6 8.55 x 106 7.26 x 106 
Specific Heat (77-212 F), Btu/Ib/°F........ 0.123 0.121 0.120 
Electrical Resistivity (68 F), microhm-cm... 81 70 48 
| Ree rrerrrere 0.290 0.290 | 0.290 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............... 21 x 108 22 x 108 24 x 10° 
Tensile Strength , 1000 psi 
POIs oss ccesssvrccscscccesceeses 70 76 82 
ED bigs tiesdkiadeestenakian 90 120 | 140 
Yield Point, 1000 psi 
al ciccck i es nccendaunenesecn 24 28 31 
ES ci. cbckverenvncdeseecneaon 70 — | — 
Elongation (in 2 in.), % 
PL AD hdndeeeeacécecsdssseseces 36 38 4) 
Se ee 20 — — 
Reduction of Area, % 
id cade scteetereevecksencenes 68 70 72 
ENS cin tcketncacecaseesaeenrs 60 —_ — 
Hardness 
PRG CE bccccncccccnsssssses 143 156 170 
Cold Worked (Rockwell). ............... — B100 B103 
Modulus of Rigidity, psi............eeeeee- 8.1 x 106 8.5 x 106 9.3 x 106 
FABRICATING PROPERTIES 
PRE TOE, Wacinenccdscvescecesvens Soften progressively in range 1000 to 2300 F 
Hot Working Temp Range, F............... To 2300 F To 2300 F | To 2300 F 


Ss 6.56 dncncenseseescasceeoscs 
PT +c ccececeaeasascasagesacaves 

















Machine best at a hardness of about Rockwell C20 
Can be welded by acetylene torch, metal arc, carbon arc and re- 


sistance methods 





CORROSION RESISTANCE 


Resistant to atmospheric corrosion and to fresh and salt water 





AVAILABLE FORMS 





USES 


Bars, plate, sheet, strip, wire, tubing, forgings, castings 











Length standards, 
instruments, hypo- 
dermic syringes, tex- 
tile machine parts, 
thermostatic bimetal 
— up to 400 F 





Higher temperature 
thermostatic bi- 
metal, instruments, 
glass sealing — up 
to 650 F 


Higher temperature 
low expansion app- 
lications—up to 
1000 F 





aBalance iron. 
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Properties 





of 





Precious Metals 


Materials e 


NONFERROUS 


METALS 














Metal » Gold* Silver® Platinum:e Palladium’ 
PHYSICAL PROPERTIES 
Density, Ib/cu in................ 0.698 0.379 0.775 0.434 
Melting Point F.. 1945 1761 3224 2829 
Ther Cond (212 F), ‘Btu/ hr / sq ft/, 

rer 172 242 42 4] 
Coef of Ther Exp (32-212 F), 

I 5 ta dees xen 7.9x 10¢ 10.9 x 10¢ 4.9 x 10¢ 6.5 x 10-¢* 
Specific Heat, Btu/Ib/°F......... 0.031 0.056 0.031 0.058 
Elec Res (32 F), microhm-cm.... 2.35 1.594 14.9 10.8 

MECHANICAL PROPERTIES — 
i Mod of Elast in Tension, psi..... 12 x 106 11 x 106 21 x 10 17 x 106 
ie Ten Str, 1000 psi 

NEE os%0eseseneanan 19 22 17-26 30 

Es. 6s dae bedmwenen 32¢ 54! 34-45 47 

ato 639054 5h0K08% 18 15 - 
Yid Str, 1000 psi 

ins cnn 6eesdabecne Nil 8 2-5.5 5 

0” ere ae 30 44 27 30 

cae hanwhes ys noe 5 
Elong (in 2 in.), % 

is ccschies keauawes 45 48 30-40 24-40 

I 55 3 6544055445408 4 2.5 2.5-3.5 1.5 

eee bh a idiway cargih 30 60 
Red. of Area (as cast), %....... _ 67 
Hardness (Brinell) 

ES 25 25-35 38-52 46 

Cold WOTKOG. .. occ cccccececs 58 - 97-13 109 

ee gis se enknnened 33 42 
Endurance Limit, 10 cycles, an- 

nealed, 1000 psi.............. 4.6 

FABRICATING PROPERTIES 
Annealing Temp, F............. — 400-600 1475-2200 1475 
Hot Working Temp Range, F..... Any to melting point . 1475-2300 1475-2300 
Max Red. Between Anneals, %..} Apparently unlimited 99 99 
Casting Temp Range, F......... 2000-2370 2000 3300 3000 





CORROSION RESISTANCE 


AVAILABLE FORMS 





Braze with silver solder, 
no flux, any flame. Can 
be resistance welded by 
any method. Oxyacety- 
lene weld with no flux, 
any flame 

Does not oxidize when 
heated in air. Resists al- 
kalis, salts and most 
acids. Not attacked by 
oxygen or sulfur. Rapidly 
attacked by chlorine and 
bromine 


Braze with silver solder. 


Can be resistance welded | 


Does not oxidize when | 


heated in air. Resists 
most dilute mineral acids 
and alkalis. Attacked 
rapidly by nitric and hot 


sulfuric acids. Attacked | 
rapidly by sulfur-bearing | 


gases 





Foil, rod, wire, sheet 


Sheet, strip, rod, wire, 
tubing 





USES 





Lining of chemical equip- 
ment, high melting sol- 
der, alloys for electrical 
and chemical pur poses, 
jewelry, dentistry 





Electrical contacts, corro- 


sion resisting equipment, 
bearings, photography 
supplies; alloying for 
coinage, brazing alloys, 
jewelry 


Braze with fine gold or 
white platinum solder. 


Hammer weld at 1800 F. | 


Can be resistance or oxy- 
acetylene welded 


Does not oxidize when | 
| air. Resists hydrofluoric, 
| acetic and phosphoric 
alone but is dissolved by | 


heated in air. Resists re- 
ducing or oxidizing acids 


aqua regia 


Foil, sheet, wire, e, tubing 


Braze with oxyacetylene 
torch using platinum 
solders. Can be resistance 
welded 


Oxidizes when heated in 


acids. Attacked by nitric, 
sulfuric and hydrochloric 
acids; and bromine and 


| iodine 








Chemical equipment, 
electrical contacts, cata- 
lysts, laboratory equip- 
ment, jewelry 





Electrical contacts, cata- 
lysts, production of pure 
hydrogen, jewelry, dental 
alloys 





aGold is generally produced in three grades: proof gold, 99.99% Au; refined gold, 99.95-99.98% Au; and 99.5% Au, which is ac- 
cepted by the U.S. Mint without penalty. 
bUsually refined to “‘the high purity suitable for general use”; in some cases spectographically pure. 
ePlatinum is produced in four grades: type A, 99.99% Pt, sometimes called physically pure; type B, 99.9% Pt, sometimes called chem- 
feally pure; type C, 99.5% Pt (crucible grade); and type D, 99% Pt (commercial platinum). 


468° F. 


eCold rolled, 60% reduction. 
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{Cold rolled, 50% reduction. 
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Precious Metals—concluded 











Metal » Rhodium» Ruthenium! Osmium! iridium> 
PHYSICAL PROPERTIES | 
IN ca i'n oc peacinenseosdd eens 0.447 0.441 0.82 0.813 
Od rer 3571 4530 4890 4450 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft...... 50 _ : 34 
Coef of Ther Exp (68 F), per °F........... 46x10 5.1 x 10+ 3.6 x 10% 3.8 x 10 
Specific Heat, Btu/Ib/°F..............008. 0.059 0.057 0.031 0.031 
Elec Res (68 F), microhm-cm............. 4.51 | 7.68 | 9.5 5.3 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi.............. 42 x 10 60 x 10¢ 80 x 10¢ 74 x 10 
Ten Str, 1000 psi | 
a eicdddacesasetsnbedsanas 73 _— - — 
ree 300 - — 
Hardness (Brinell) 
eins pe scnwdsbadbivedaxend 55-156 170 
sans ska pede butisevkies 260-390 —_ — 350 
NS ee a tee ee neal — 220 350 163 
FABRICATING PROPERTIES 
Hot Working Temp Range, F.............. 1900-2000 2700-4300 Not workable 2200-2700 
Max Red, Between Anneals, %............ 30-40 — —_ _ 
3 ee 3700 4700 5000 4600 


deat scesshenticnatass tie sesexd 


CORROSION RESISTANCE 


AVAILABLE FORMS 


USES 





Can be brazed and 
resistance welded 


Oxidizes slowly when 
heated in air. Resis- 
tant to most acids, 
including aqua regia 
at room temperature 


Powder 


Mirrors and electro- 





deposits for a non- 
tarnishing finish; 
alloys with platinum | 
and palladium for | 
crucibles, glass- | 
working equipment, | 
catalvsts soinnerets | 


Can be brazed and 
resistance welded 

Oxidizes when 
heated in air. Un- 
attacked by common 
acids, including aqua 
regia up to 212 F. 
Moderately attacked 
by solutions of alka- 
line hypochlorites 


Powder 


Hardener for plati- 
num and palladium 





Can be brazed and 
resistance welded 





Can be brazed and 
resistance welded 





Oxidizes rapidly in 
air at elevated tem- 
peratures. Resists 
common acids at 
room temperatures, 
but is attacked by 
aqua regia 


Cast or sintered parts 





Oxidizes slowly when 


heated in air. Un- 
attacked by common 
acids, including aqua 
regia up to 212 F 








Sheet, wire, rod 





Alloys used for pen 


tips, phonograph 
needles, electrical 
contacts, instrument 
pivots 





| 


Extrusion dies for 
glass, alloys with 
platinum for electri- 
cal contacts, fuse 
wires, hypodermic 
needles, jewelry 





»bUsually refined to “‘the high purity suitable 


zAt 32 F. 


for general use’”’ 


: in some cases spectrographically pure. 
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Tin and Its Alloys 




























































































Type » Grade ATin | Hard Tin Tin Foil | White Metal Pewter 
COMPOSITION, % Sn 99.8 min | Sn 99.6, Cu 0.4 Sn 92, Zn 8 Sn 92, Sb 8 Sn 91, Sb 7, Cu 2 
PHYSICAL PROPERTIES | 
Density, Ib/cu in.......... 0.264 — — 0.262 0.263 
Melting Temp Range, F..... 449.4 446-441 | 390 475 | 563-471 
Ther Cond (77 F), Btu/hr/ 
gg, BREE Pe 37 _ | 34 
Coef of Ther Exp (32-212 F), 
4 Dea ee 13 x 10-6 _ — - 
Spec Ht, Btu/Ib/°F........ 0.054 _— - _ _ 
Elec Res (68 F), microhm-cm.. 11.5 | - 12 | 15 | — 
MECHANICAL PROPERTIES | | | 
Mod of Elast in Tension, psi... 6-6.5x108 | o ~ = 7.7 x 108 
Ten Str, 1000 psi | | | 
Annealed Sheet......... 2.2 3.3 — | 6.7 8.6 
Cold Rolled Sheet........ 2.8 40 8.7 7.4» | 7.6 
Nn 2.1 — — 7.2¢ - 
Yid Str, 1000 psi 
Annealed Sheet......... 1.3 _— own _ -- 
Cold Rolled Sheet........ 0 _ 6.0 1 _ 
kop 1.7 os - - — 
Elong (in 2 in.), % 
Annealed Sheet........ 45 ~ — 70 40 
Cold Rolled Sheet........ 35 — 40 28> 50 
Se ie tirdraxcd 06-6008 558 _ ~_~ _ 
Hardness (Bhn) | 
Annealed Sheet. ........ 7 ~ _ | 17 | 134: f 
Cold Rolled Sheet........ 8 _ cea a 18s! 
{eRe 5-6 | - | “ 20° | 234, 
Impact Str (Izod, as cast), 
sn a ct ccgn teguah 14 _ | -_ 22¢ — 
Endurance Limit (as cast), 
ST ih «conic neil 0 «3 0.34 — -_ -_ | — 
FABRICATING PROPERTIES | | 
Casting Temp Range 
Er ckncie thanx e §25-550 525-550 | _ | 575-600 600-625 
ee gehts. che balceed Bonds easily by simple melting. Eutectic tin- on Readily soldered Can be soldered with 
lead solder or low melting fusible alloys some of the fusible 
might be used on massive parts such as alloys 
block tin pipe 
CORROSION RESISTANCE Resists distilled, sea and soft tap water. — —_ Tarnishes in soft 
Attacked by strong acids, alkalis and acid water ; suffers local- 
salts. Oxygen in solution accelerates rate of ized attack at water 
attack line in hard water. 
Attacked by dilute 
hydrochloric and cit- 
ric acids in presence 
of air 
AVAILABLE FORMS Sheet, pipe, foil, | Tubing, foil Foil Castings, sheet Castings, sheet 
castings, powder 
USES Linings for food cans; | Collapsible tubes, | Foil for wrapping | Rubber mold cast- | Mountings and orna- 
pipe for handling | foil food, medicines, elec- | ings, cast and wrought | mental objects such 
water, beer, and car- trical condensers costume jewelry as tea and coffee 
bonated beverages; services, vases and 
linings for food pro- | book ends 
cessing equipment, 
food wrappings 
aIn 4 in. ; dVickers pyramid hardness. 
bSheet quenched from 425 F. eVickers pyramid hardness after heat treating 3 hr at 300 F. 


eChill east. fHardenable pewter values are: 13, 28, 29, respectively. 
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Lead-Tin-Antimony Alloys 









































Grade? » 1b 2 3 4 3° 
COMPOSITION, % Sn 91, Sb 4.5, | Sn 89, Sb 7.5, | Sn84,Sb8,Cu8| Sn 75, Pb 10,Sb | Sn 65, Pb 18, Sb 
Cu 4.5 Cu 3.5 | 12,Cu3 15, Cu 2 
PHYSICAL PROPERTIES 
Density, Ib/cu in.................. 0.265 0.267 0.269 0.272 0.280 
Melting Temp Range, F............ 433-700 466-669 464-792 363-583 358-565 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi....... 7.3 x 10° | 7.6 x 106 _ 
Tens Str, 1000 psi 
na hance dbks tke wed’ 9.3 | ll 10-12 — 
tina haan biseh avs 10.3 — — - 11.8 
Elong (in 2 in., die cast), %........ 22 — — - 4 
Hardness (Brinell) | 
id rick ceeekess¥ anes. 17 24 | 27 25 22 
ee _ — — — 27.7 
Impact Str (1zod, chill cast), ft-lb... 2.5 — ] _— — 
End. Limit (chill cast), 1000 psi..... 3.84 4.84 - | - 
Compr Str (chill cast), 25% set, 
ee 13 15 18 16 15 
Compr Yld Str (chill cast, 
0.125% set), 1000 psi........... 4.4 6.1 6.6 55 5.0 
FABRICATING PROPERTIES | | 
Casting Temp Range (chill), F...... 750-825 795 850-915 710 








CORROSION RESISTANCE 


ricants; food 
products, 


beverages 





AVAILABLE FORMS 


Resists oxidation 
products of lub- | 


Precision inserts of babbitt-lined strip, lined bearing | Ingots 
shells, ingots, die castings 





beer | 
and carbonated | 


Resist oxidation products of lubricants 





| Ingots, die cast- 
| ings 





Bearings, die 
castings for 
dairy machinery, 


ances, surgical 
instruments, 
soda fountain 
equipment 





dental appli- | 


| Most widely 


bearing alloy in 
automotive field 





used tin-base | 


cations, hardest | 
| of standard tin | 
babbitts and has | 
greatest load 
carrying capacity 


applications 





High load appli- | Limited bearing | Limited bearing 


applications. 
| Die cast parts 





aASTM B23-49. 
bAlso die casting Alloy 1, ASTM B102-48. 
cAlso die casting Alloy 3, ASTM B102-48. 
d2 x 10* cycles. 
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Properties of Materials 


° NONFERROUS METALS 


Lead-Tin-Antimony Alloys—continued 




























































Grade* » 6 | 7 8 10 11 
COMPOSITION, % Sn 20, Sb 15, Pb Sn 10, Sb 15, Sn 5, Sb 15, | $n 2, Sb 15, Sb 15, Pb 85 
63.5, Cu 1.5 | Pb 75 Pb 80 Pb 83 
PHYSICAL PROPERTIES | 
Density, Ib/cu in....... 0.336 0.350 | 0.361 0.362 0.370 
Melting Temp Range, F... . 531-358 514-464 522-459 507-468 504-47] 
Ther Cond (212 F), Btu/hr/sq 
a ee 14 14 - 
Coef of Ther Exp (68-212 F), 
i ee ee 10.9 x 10-6 13 x 106 
Spec Ht, Btu/Ib/°F........... 0.065 0.065 
Elec Res (68 F), microhm-cm . 28.6 28.2 | 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi... 4.2 x 108 4.2 x 10° . 
Ten Str, 1000 psie..... Rahs 10.5 10 : 6.8 
Elong (in 2 in.), %e...... - 4 5 — 8 
Hardness (Brinell)*....... 21 22 20 18 | 15 
Endurance Limit, 1000 psie.... - 4d 3.94 —- | _ 
Compr Str (25% deformation), 
ee 14.5 15.6 15.6 15.4 12.8 
Compr Yid Str (0.125% set), 
ES 3.8 3.6 3.4 3.4 | 3.0 
FABRICATING PROPERTIES 
Casting Temp, F (chill)....... 655 640 645 630 630 
CORROSION RESISTANCE Resistant to corrosion by the usual lubricants 
AVAILABLE FORMS Small ingots and bars 
USES‘ General purpose | General purpose | Bearings for light | Bearings for light | Bearings for light 
bearing applica- | bearings under | loads and moder- | loads and speeds. | loads 
tions moderate loads ate speeds. Mining | Blowers, pumps, 
machinery, trans- | electric motors, 
mission machinery, | machine tools 
car journals 














"ASTM B 238-49. 
d2 x 10’ cycles. 
eChill cast. 
fLight loads—under 1000 psi; moderate loads—1000 to 2000 psi; heavy 
loads—over 3000 psi. Surface speeds: low—to 10 fps; moderate—to 
20 fps; high—above 80 fps. 
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oC Lilt 











Lead-Tin-Antimony Alloys—concluded 




















CORROSION RESISTANCE 





AVAILABLE FORMS 




















Grade* » 12 | 15 16 19 
COMPOSITION, % Sb 10, Pb 90 | Sn 1,$b15,Cu0.5, | Sn 10, Sb 12.5, Sn 5, Sb 9, Pb bal 
| As1.0,Pbbal |  Cu0.5, Pb bal 
PHYSICAL PROPERTIES | 
Density, Ib/cu in................. 0.384 0.362 0.355 0.378 
Melting Temp Range, F........... 498-473 538-479 495-471 495-462 
Coef of Ther Exp (68-212 F), per °F.. 14.6 x 10-6 — _ — 
Specific Heat, Btu/Ib/°F........... 0.065 0.065 
Elec Res (68 F), microhm-cm....... 25.6 — - 28.7 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi....... — 4.2 x 106 — 4.2 x 108 
Tensile Strength, 1000 psie......... _ 10.4 - 10 
Elongation (in 2 in), %e.......... — 2 — 5 
Hardness (Brinell)*............... 14 21 28 18 
Endurance Limit, 1000 psie......... 4.34 3.7! 
Compressive Strength, 1000 psie 
(25% deformation)....... 12.9 15.6 
Compressive Yield Strength 
(0.125% set), 1000 psie. .. 2.8 - 
- a - - |. <sulanmaeead 
FABRICATING PROPERTIES 
Casting Temp (chill), F. . 625 660 620 | 620 





Resistant to corrosion by the usual lubricants 





Small ingots and bars 














USES f Bearings for light | Bearings for high | Bearings for moder- | Bearings for light 
loads loads and speeds. | ate loads and speeds | loads and speeds. 
| Diesel engines, auto- Car journal bearings 
motive engines, 
| steamships, various 
types of machines 
“ASTM B 23-49. 
eChill cast. 
fLight loads—under 1000 psi: moderate loads—1000 to 2000 psi; heavy loads—over 3000 psi. Surface speeds: low—to 10 


fps; moderate—to 20 fps; high—above 30 fps. 2 x 10’ cycles. 
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Titanium and Its Alloys 











Type » 


Unalloyed 3 AI-5 Cr | 5 Al-2.5 Sn 6 Al-4V 





COMPOSITION, % 





PHYSICAL PROPERTIES 


Ti 99.0 Al 3.0, Cr 5.0 Al 5.0, Sn 2.5 Al 5.5-6.3, V 3.5-4.5 








0.163 0.166 0.161 | 0.160 




















oR ee 
Melting Temp Range, F........ 3135 “= 2822-3002 — 
Ther Cond (212 F), Btu/hr/sq ft/ 
_ EN See 9.8 — 4.85 _- 
Coef of Ther Exp (68-1650 F), 
ag Se easianesciou«is 5.8 x 10-6 | 6.1 x 10-6 5.7 x 106 5.8 x 106 
Spec Ht (212 F), Btu/Ib/°F...... 0.130 — 0.131 — 
Elec Res (68 F), microhm-cm..... 55.0 150 157.3 — 
Magnetic Permeability (20 
NN isk an nas ads 1.00005 | — | 1.00005 | — 
MECHANICAL PROPERTIES®* | 
Mod of Elast in Tension (200 F), | 
dN a a 15-15.5 x 106 — 15.5 x 106 — 
Ten Str (68 F), 1000 psi | 
Se 89-100 155 125 130-140 
ES —_ | _ ~ 170 
Yid Str (68 F), 1000 psi | 
Pee 80-82 | 145 120 120-130 
a — — — 150 
Elong (in 2 in.), % | 
Annealed (68 F)............. 15-22 13 18 10-13 
EERE ae _— — — 13 
Red. of Area (68 F), % 
Sn cchsebassicnsn es 40-45 35 | 40 25-40 
ee — — | — 40 
Hardness (Rockwell) 
EE C30 C32 (30-35 | C33-36 
RS _ _ _ C38 
Impact Str (Charpy, 68 F), ft-Ib.. 20-35 13 | 18-20 | 15-25 
Endurance Limit (108 cycles), 
1000 psi | 
Bar (unnotched)............ 60-62 85 - 70 
Bar (notched).............. 37> — - 35 
Sheet (unnotched).......... 43 — 95 — 
Sheet (notched)............ — — 36° — 
Mod of Rigidity (200 F), psi...... 5.63 - 
Shear Str, 1000 psi............ 65 - | 2 
THERMAL TREATMENT | | 
Annealing Temp, F............. 850-1250 — 1500-1600 — 
Stress Relieving Temp, F........ 700-1000 — 1000-1200 | — 
FABRICATING PROPERTIES 
Hot Working Temp Range, F..... 300-800 —- 1000 — 
Deep Drawing Temp, F.......... 800 = — — 
8 A 1300-1600 | — 1400-1900 | — 
Fusion Weldability.............. Yes No Yes Marginal 
Formability (sheet, 78 F)e....... High | Bar only Intermediate | Intermediate 








CORROSION RESISTANCE 


Superior resistance to nitric acid, moist chlorine, chlorine solutions, chlorinated organic compounds and 
inorganic chloride solutions. Excellent resistance to sea water and most chloride salt solutions unchallenged 
by other structural metals. Resist impingement, pitting attack 














AVAILABLE FORMS Sheet, strip, plate, tub- | Bar, forgings Sheet, strip, plate, bil- | Bar, sheet, strip 
ing, billets, bar, wire lets, bar, wire 

USES Military aircraft parts requiring corrosion resistance and high strength-to-weight ratio up to 800 F. Naval and 
marine applications; chemical, pharmaceutical and food processing and handling equipment; marine diesel 
engine mufflers; springs (high proportional limit and low modulus of elasticity), rivets, bolts, nuts, screws and 
fittings ; ordnance and sporting equipment; orthopedic and orthodontic equipment 

sAnnealed condition unless otherwise stated. b60-deg notch, 0.010-in. radius, k = 2.7. ek = 4.0. 


dSome users report difficulty in producing welds without porosity; others do not. 
eAll titanium sheet is formed with considerably less difficulty at elevated temperatures. Forming can be accomplished at temperatures in 





the 500 to 1000 F range with no need for postforming surface treatment, provided time at temperature is short. 
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Titanium and Its Alloys—concluded 








Type »> 2.2 Fe-2.1 Cr-2.0 Mo 8 Mn 3 Mn-1.5 Al 4 Mn-4 Al 
SOMPOSITION, % Cr 1.8-2.4, Fe 1.9-2.5, Mn 7.9 | Al 1.5, Mn 3.0 | Al 4.0, Mn 4.0 
Mo 1.7-2.3 
PHYSICAL PROPERTIES 
Density, Ib/cuin........ 0.170-0.172 0.168 0.163-0.165 
Melting Temp Range, F.. ; 2730-2970 — 2822-3002 
Ther Cond (212 F), Btu/hr/ sq ft/ 

| SEES ES as eee 6.7 | - | 49 
Coef of Ther Exp (68-1650 F), 

ERE ee 7.1 x 10-6 - 5.7-6.3 x 106 
Specific Heat (68 F), Btu/Ib oF — 0.118 | 0.133 
Elec Res (68 F), microhm-cm..... 79 90.7 - 146.1 
Magnetic Properties............ Nonmagnetic | Nonmagnetic Nonmagnetic Nonmagnetic 
Magnetic Permeability (20 | 

Oersteds)............. bibs - | 1.00005 | - | 1.00005 

MECHANICAL PROPERTIES* | | 
Mod of Elasticity in Tension | 

aC — 15.9 x 10° 15 x 106 15.9 x 108 
Ten Str, 1000 psi.............. 120-130 126-135 125 145-150 
Yid Str, 1000 psi.......... me 110-115 118-120 116 135-142 
Elong (in 2 in.), %.............. 12-15 15-18 18 | 14-15 
Red. of Area, % ive 25 32 _ 35-40 
Hardness (Brinell)........ _ C30-34 C28-34 C26-32 C30-36 
Impact Str (Charpy), ft-lb. ... - : 15-20 11-15 
Endurance Limit, 1000 psi 

Sheet (unnotched)........... — 90 - - 

Bar (unnotched)............. ~ _ 75-90 

Bar (notched)............... - ~ — 32! 
Compr Yid Str, 1000 psi........ - 120 —— oe 
Mod of Rigidity, psi. — 6 x 106 _— | 6.27 x 10° 

THERMAL TREATMENT | 
Annealing Temp, F........ ~ 900-1250 1250 1300 


Stress Relieving Temp, F.... | | 


FABRICATING PROPERTIES 
Hot Working Temp Range, F.... 
Forging Temp, F 
Fusion Weldability?. ..... 
rormatality (sheet, he Fe 


CORROSION RESISTANCE 





AVAILABLE FORMS _ 





~— <700 or at 1000 — — 


- 500-600 oe = 
— — 1300-1700 1300-1750 
No No Marginable Questionable 


Intermediate Intermediate Moderate | Bar only 





Superior resistance to nitric acid, moist chlorine, chlorine solutions, chlorinated organic compounds, and 
inorganic chloride solutions. Excellent resistance to corrosive attack by sea water and most chloride salt solu- 
tions ‘unchanenged by other structural metals. Resists impingement, pitting attack 





| Sheet, plate, billet, bar, | Billets, bar, forgings, 
plate, wire 


Sheet, strip, plate, wire, | | Sheet, strip, plate 
bar, extrusions | wire 





USES 





Military aircraft parts requiring corrosion resistance and high strength-to-weight ratio up to 800 F. Naval and 
marine applications; chemical, pharmaceutical and food processing and handling equipment; marine diesel 
engine mufflers; springs (high proportional limit and low modulus of elasticity), rivets, bolts, nuts, screws and 
fittings ; ordnance and sporting equipment; orthopedic and orthodontic equipment 





sAnnealed condition unless otherwise stated. 
dSome users report difficulty in producing welds without porosity; others do not. 


eAll titanium sheet is formed with considerably less difficulty at elevated temperatures. Forming can be accomplished at temperatures in 


the 500 to 1000 F range with no need for postforming surface treatment, provided time at temperature is short. 


fk = 3.9. 
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Properties of Materials 


Uranium and Thorium 












NONFERROUS METALS 














Metal =» Uranium Thorium 
PHYSICAL PROPERTIES 
Density, Ib/cu in.............. 0.69 0.42 
Melting Point, F.............. 2071 3074 
Ther Cond (70 F), 

Btu/hr/sq ft/°F/ft......... 14.5 21.4 
Coef of Ther Exp, per °F....... 12.1 x 10-6 6.2 x 10-6» 
Specific Heat, Btu/Ib/°F....... 0.03 0.03 
Electrical Resistivity (68 F), 

GM iicévisseccsss. 25-50 18 

MECHANICAL PROPERTIES 
Mod of Elast in Tension psi........ 30 x 106 10 x 108 
Tensile Strength (annealed), 1000 psi 90 37.5 
Yield Strength (0.2% offset, 
annealed), 1000 psi............ 25 27 
13 40 


Elongation (in 2 in., annealed), %. .. 





FABRICATING PROPERTIES 


I chic os cancgdeasaedes 


ee 


Nah itv Wanesicenewidecexies 


Can be forged, rolled, | 
_ worked. Fabricated by forg- 


swaged and drawn. Heating 


must be done in a protec- | 
_ truding or drawing 


tive atmosphere 


Moderately difficult to 
machine 


Can be welded or brazed in 
protective atmosphere or 
vacuum 





CORROSION RESISTANCE 


| Can be machined like mild 


Can be readily hot or cold 
ing, rolling, swaging, ex- 





steel with or without cutting 
fluids 

Difficult to weld. Brazing 
yields brittle joints 





Very poor resistance to atmosphere, water and most reagents 











AVAILABLE FORMS 


Shapes which have been 
produced include plate, rod, 
tube, wire and foil 


| Shapes which have been 
produced include rod, sheet, 
thin-walled tube, fine wire, 
| foil 





USES 





Fissionable material (fuel) 
in nuclear reactor 


| Secondary (breeder) reactor 
fuel 





“70-250 F, parallel to A axis; 0.8 x 10-* parallel to B axis; 12.9 x 10-° parallel to C axis. 


b70 F. 


108 -« 
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Zinc Alloys 


























Commercial Commercial Commercial (Copper Hardened Rolled 
Type »> Rolled Zinc Rolled Zinc Rolled Zinc Rolled Zinc Zinc Alloy 
(deep drawing) Alloy 
COMPOSITION, % Pb 0.10 max, | Pb0.05-0.10,Cd | Pb0.25-0.50, Cd | Cu 0.85-1.25, | Cu 0.85-1.25, 
Zn bal 0.05-0.08, Zn bal | 0.25-0.45, Zn bal | Zn bal Mg 0.006-0.016, 
| Zn bal 
PHYSICAL PROPERTIES 
Density, Ib/cuin...... 0.258 0.258 0.258 0.259 0.259 
Melting Point, F. ; ied een woes 786 786 786 792 792 
Ther Cond (64 F), Btu/ ‘hr / sq ft/ oF, ft 62.2 62.2 — 60.5 
Coef of Ther EP, per °F | 
With Grain. . bai 18.1 x 10-6 18.1 x 10-6 188x106 | 19.3 x 10 
Across Grain... is 12.8 x 10-6 12.8 x 10-6 13.0 x 10 | 11.7 x 10-6 
Spec Ht (68-212 F) Btu/ Nb/ oF 0.094 0.094 0.094 0.0957 0.0957 
Elec Res (68 F), microhm-cm 
ES ee eee 6.06 — 6.22 6.31 
Cold Rolled 6.10 — 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi* 
eS oi bP eiktan- ws ceekenin Gets 19.5, 23 21, 25 23, 29 24, 30 29, 40 
Cold Rolled.......... 21, 27 22, 29 25, 31 31, 40 36, 46 
Elong (in 2 in.), %* 
Hot Rolled......... eat eivertee geri 65, 50 52, 30 50, 32 50, 35 20, 10 
Cold Rolled............ 50, 40 40, 30 45, 28 44, 30 25, 10 
Hardness “wed 
Hot Rolled. . al bel dhteanctecdasceaes 38 43 4] 52 . 61 
EES — — — 60 80 
Endurance Limit (hot rolled), 1000 - Ten ad 2.5 3.8 4.1 6.1 6.8 
FABRICATING PROPERTIES 
Hot Working Temp Range, F................... 248-527 248-527 248-437 447-572 447-572 
NS oes voes veces ka censecseens 887-977 887-977 887-977 887-977 887-977 
Ingot Casting Range, F.............. 815-905 815-905 815-905 815-905 815-905 
Annealing Temp, F......................... vont = 221 | 347 347 
Machinability. . . Good Good Good Good Good 
Joining 
Torch Welding. . Poor tofair | Poor to fair Poor to fair Poor to fair | Poor to fair 
Single Impulse Resistance Welding... Poor | Poor Poor Poor Poor 
Multiple Impulse Resistance Welding Fairto good | Fair to good Fair to good Fair to good | Fair to good 
Soldering. .. foteh bade icrelia Good Good Good Good 


Common Processes 


CORROSION RESISTANCE 


AVAILABLE FORMS 
USES 


Good 


Drawing, bending, roll forming 


Spinning, swaging 


Spinning, swaging, impact extrusion ‘Swaging, impact | 
extrusion 





Excellent ‘resistance to both metropolitan and rural atmospheric corrosion (penetration in 
in. per yr is 0.000064 in Palmerton, Pa., and 0.00028 in New York City); also hot soapy 
water, printing inks, trichloroethylene, carbon tetrachloride, dry illuminating gas, and 
moisture- and acid-free hydrocarbons. Fair resistance to pure ethyl and methyl alcohols, 
glycerine, water, petroleum products. Poor resistance to steam, spray insecticides, animal 
oils, strong acids and bases, and mixtures of glycerine or alcohol and water 





Rolled strip and sheet : extruded tod ‘and shapes; drawn rod and \ wire 
| Weatherstrip, 
nameplates, fer- 
rules. Drawn, | or 


Corrugated ‘roof- 
ing, flat, drawn 
moderately 


Drawn battery cans, eyelets, Soldered battery 
grommets, laundry tags, address | cans, photoen- 
plates, flashing gravers’ and 





formed 














Drawn, formed | Drawn, formed 
or spun parts not | or spun parts re- 


requiring sti ff- 


ness 


quiring some 
rigidity 





lithographers’ 
sheets 





formed or spun 
parts requiring 
stiffness 





parts 
requiring maxi- 
mum stiffness 











aTwo values represent properties parallel to grain and perpendicular to grain, in that order. 
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Cast Zinc Alloys 

















































Slush Casting | Slush Casting 


Type » Alloy XXIII* Alloy XXV* Alloy' Alloy 
| (unbreakable metal)' 





COMPOSITION, % Al 3.5-4.3, Mg 0.03- | Al 3.5-4.3, Cu 0.75- | Al 4.5-5.0, Cu 0.2- | Al 5.25-5.75, Zn bal 
0.08, Zn¢ bal 1.25, Mg 0.03-0.08, | 0.3, Zn¢ bal 
| Zne bal 











PHYSICAL PROPERTIES | | 
EES eee eee 0.24 0.24 _ ~ 
Ce ER eRe ee eT Pe eee 728 727 734 743 
Ther Cond (158-284 F), Btu/hr/sq ft/°F/ft......... 65.3 62.9 _ — 
Coef of Ther Exp (68-212 F), per °F............-. 15.2 x 10¢ | 15.2 x 10 _ — 
Spec Ht (68-212 F), Btu/Ib/°F.................6- 0.10 | 0.10 — — 
Elec Res (68 F), microhm-cm..............000005 6.37 6.54 -- —_ 
Solidification Shrinkage, %..............eeee0e: 1.17 1.17 — — 





MECHANICAL PROPERTIES 





























Ten Str, 1000 psi | 
ts se pada ba elevhsosedaeneacen 41 47.6 _ — 
a. oi itassedcuvvusiveusia _ | _ 28.0 25.0 
Elong (in 2 in.), % | 
OE er er ey Tee tere 10 7 — _— 
ee Be cn dindiicus cénesvjenssussadadas _ _ _ l 
Hardness (Brinell, die cast).................00005 82 | 91 _ _ 
Impact Str (Charpy), ft-lb | 
tsdckhcd De ieevesesbsercdeewluse’ 43 48 — _ 
RIES FR el ” SAAR a Sa ta — _ 3 | 1 
Endurance Limit (108 cycles), die cast, 1000 psi..... 6.875 8.175 — _ 
Compr Yid Str (die cast), 1000 psi ............... 60 | 87 | _ — 
Shear Str (die cast), 1000 psi.................08- 31 38 — _ 
FABRICATING PROPERTIES 
PY CI, UG oc cccccvsecedeenaces 727.9-932.0 727.0-932.0 — | — 
Die Casting Temp Range, F.................e000: 740-800 740-800 — — 
eae cet cnucadetev ssh shebaeue Good Good Good Good 
Joining | 
WE a ch Chbcvesesceenesdiavvadeded Poor to fair Poor to fair | — | — 
Single Impulse Resistance Welding............. Poor Poor — — 
Multiple Impulse Resistance Welding........... Fair to good Fair to good —_ — 
STIR Ed SUUEC I VUh oh Chale Raeds dedeaebdedl Poore Poore _ 
Common Fabrication Processes...............++.. Welding, soldering, machining, riveting, | Welding, soldering, machining 
spinning, cold swaging 
CORROSION RESISTANCE Excellent resistance to both metropolitan and rural atmospheric corresicn’; also hot scapy 


water, printing inks, trichloroethylene, carbon tetrachloride, dry illuminating gas, and 
moisture- and acid-free hydrocarbons. Fair resistance to pure ethyl and methyl alcchols, 
glycerine, water and petroleum products. Poor resistance to steam, spray insecticides, 
animal oils, strong acids and bases, and mixtures of glycerine or alcohol and water 





USES Automotive parts, household utensils, office | Slush and permanent mold castings, prin- 
equipment, building hardware, padlocks, | cipally for lighting fixtures 
toys, novelties, drop hammer dies (XXV) 











aASTM B86-53T. 
bBecause of their limited use, few data are available on these alloys. 

ceSpecial high grade zinc is required. 

dBased on a %-in. section for die cast alloys; a %4-in. section for chill cast alloys. 

eCadmium-zine and lead-tin solders diffuse into the casting, promoting subsurface attack. Castings must be nickel plated to be joined by 
lead-tin solders. 

fPenetration in in. per yr in Palmerton, Pa., and New York City, respectively, is 0.78 x 10-4 and 2.2 x 10-4 for XXIII, and 0.63 x 10+ 
and 2.8 x 10-4 for XXV. 
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Zirconium, Hafnium and Vanadium 








Metal » Zirconium Hafnium Vanadium 
PHYSICAL PROPERTIES 
Density, Ib/cu in. . 0.24 0.47 0.23 
Melting Point, F.. 3355 3400 3110 
Ther Cond (212 F), Btu, hr/ sq ft/°F /ft 9.6 — 
Coef of Ther Exp (70 F), per °F 3.1 x 10-6 3.4 x 10-6 4.8 x 10° 
Specific Heat, Btu/Ib/°F err 0.069 0.035 0.12 
Electrical Resistivity (68 F), microhm- -cm.... 40 308 25 
MECHANICAL PROPERTIES ~ | 

Mod of Elast in Tension, psi... .... 14 x 168 20 x 108 | 20 x 108 
Tensile pe 1000 psi | 

Annealed. . vawihinaas 29», 59° _ | 72 

Cold Worked per 82>, 90¢ | 113 
Yield Strength, 1000 psi 

Annealed. . eT eT 11, 38¢ 64 

Cold Worked... ated es soon 58>, 84¢ 109 
Elongation (in 2 in.), % 

Annealed..... 26», 27° 28 

Cold Worked. . 1.5», 10¢ — 3 
Hardness (Rockwell) 

ee B42», B91¢ | B784 B81 

Cold Worked B87» _ B93 





FABRICATING PROPERTIES 


Annealing Temperature, F................. 


EE an ee eee 


Machining......... 


Joining... 


CORROSION RESISTANCE. 





AVAILABLE FORMS 





USES 


, B98¢ 


1550; heavy sections in 
air, light sections in vacu- 
um or inert atmosphere 
Similar to titanium 


Similar to titanium 


Can be arc or flash-butt 
welded under inert 
atmosphere 


Excellent resistance to 
hydrochloric acid in all 
concentrations. Resists di- 
lute sulfuric acid, nitric 
acid in all concentrations, 
and alkalis. Attacked by 
aqua regia 





Sheet, rod, tuting, shapes 


Structural parts and fuel 
cladding in nuclear re- 
actors. Probable future 
use: corrosion resisting 
equipment, particularly 
for handling hydrochloric 





acid 


| Hot worked at 1550 F; 


1320 in vacuum or inert 
atmosphere 


cold worked 30% between | 
anneals 
Similar to stainless steel | 





Resistant to oxidizing | 
acids but attacked by | 
hydrofluoric acid 


1650 in vacuum or inert 
atmosphere 


Good cold working 
properties 


Tools similar to those for 
cold rolled steel 

Can be welded with heli- 
arc torch under argon 


Resistant to sea water. 
Not affected by moderate 
| concentration of hydro- 
chloric and sulfuric acids. 
Dissolved by nitric acid 
of any strength 





| Has been produced in 
sheet and rod 


Plate, strip, bars, sheet, 
wire 





No applications have been | 
developed 











AEC classified applica- 
tions 





a32 F. 

blodide zirconium. 
ceKroll zirconium, melted in graphite. 
dAs-deposited iodide hafnium. 






MATERIALS SELECTOR ISSUE, 1957-58 « 111 





Bob Rossi, Chief Engineer, tells 
Roy Johnson, Plant Manager 


“We switched to O"U? 





.032” gage 70-30 Formbrite 
is used for this 4/2”’ diame- 
ter rearview mirror head 
shown full size. Strip is 
5'%2" wide supplied in 
heavy coils for long press 
runs. Copper, nickel and 
chromium plating on a solid 
brass base provides a 
bright, rustless, long-lasting 
outdoor finish. 


Peerless Rearview Mirrors. 
“Flight-Wing,” below, and 
the newer “Director” model, 
left. Housings and mounts 
are chromium-plated zinc- 
base die castings. 


a 


For more information, turn to Reader Service card, circle No. 428 




































This easy-to-polish, superfine-grain drawing bras 
has been slashing finishing costs in plant after plant 
on all kinds of jobs. Now Peerless Accessories Co, 
of Mount Holly, N. J., reports: 

“To our line of lighting and safety automotivg 
accessories, weve recently added two rearview 
mirror assemblies. We had been using regular draw 
ing brass for the dished head until your representa 
tive persuaded us to try Formbrite. Here are th 
results, based on a very careful cost study: 

Finishing procedure using Present procedure 
regular drawing brass using Formbrite * 


1) Grease grinding or “cutting” 
2) Buffing 
3) Copper strike 
4) Nickel plate (.00045”’) 
5) Buffing nickel 
6) Chromium plate 
Cost 27¢ each 


Not necessary with Formbritd 
Light buff 
Copper strike 
Bright nickel plate (.0003")" 
Not necessary 
Chromium plate 

Cost 15¢ each 


“That's a saving of 12 cents apiece. Multiply it bi 
3,000 to 4,000 a day and it becomes important money! 


*Formbrite's superfine grain made possible a lighter 
but equally serviceable plate of bright nickel 


Surprisingly, Formbrite doesn’t cost a penny more 
Find out for yourself how its superfine grain, excel- 
lent drawing properties, strength, and scratch resist: 
ance can help you make a better product at lower 
cost. Write for Publication B-39. Better yet, ask us 
about a sample lot. The American Brass Compat, 
Waterbury 20, Conn. In Canada: Anaconda Ameri: 
can Brass Ltd., New Toronto, Ontario. 7 











FINE-GRAIN DRAWING BRA 


on AANACONDA( proces 


made by The American Brass Company 
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Properties of Materials 


PLASTICS AND RUBBER 















































Acrylics 
Cast Resin Sheets, Rods Moldings 
Type »> ——_—_—_— — 
General General 
Purpose Purpose Grade 5> Grade 6> Grade 8» 
Type I Type tt= 
PHYSICAL PROPERTIES ASTM 
NS ings sted cccecscies D792 1.18-1.19 1.18-1.19 1.18 1.18 1.19 
Ther Cond, Btu/hr/sq ft/°F/ft........ c 0.10-0.15 0.10-0.15 0.12 0.12 0.12 
Coef of Ther Exp, 105 per °F.......... D696. 5 5 4 4 3 
NE vio cinsccccveeccesel seuss 0.35 0.35 0.35 0.35 0.35 
I oot ss cetaencees esc D542... 1.485-1.500 1.485-1.495 1.489-1.493 1.489-1.493 1.489-1.493 
Transmittance (luminous, 0.125 in.),%.| D791 91-92 91-92 >92 >92 >92 
EE dink VARIES 4s b00eshadee D672. 1-2 1-2 <3 <3 | <3 
Water Absorption (24 hr), %.......... D570 0.3-0.4 0.2-0.4 0.4 0.4 0.3 
Flammability (0.125 in.), ipm.......... D635 0.5-2.5 0.5-2.5 0.9-1.2 0.9-1.2 0.9-1.2 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, 105 psi....... D638 3.5-4.5 4.0-5.0 3.5-4.5 4.0-5.0 4.0-5.0 
| See D638 6-8 8-10 8-9.5 9-10 9-10.5 
ee D638 2-7 | 2-7 3-5 3-5 3-5 
Hardness (Rockwell)................. D785. M90-100 M96-102 M80-88 M84-95 M92-103 
Impact Str (izod notched), ft-Ib/in.....| D256 0.5 0.4 0.3-0.5 0.3-0.4 | 0.3-0.4 
Mod of Elast in Flex, 105 psi........... D790... 3.5-4.5 4.0-5.0 3.5-4.5 4.0-5.0 4.0-5.0 
FR I orc cedccdesceseses. D790... 12-14 15-17 15 15-16 | 16 
Compr Yid Str (0.1% offset), 1000 psi..| D695 10-12 12-14 14.5 15 | 17 
ELECTRICAL PROPERTIES 
Co rere D257 >10'5 >105 >10" >10" >105 
Dielec Str (short time), v/mil.........| D149 450-500 450-500 400-500 400-500 400-500 
Dielec Const 
Ss hte: vid wevnsswasaced D150. . 3.5-4.5 3.5-4.5 2.3-3.9 2.3-3.9 2.2-3.5 
ERS a ey D150. . 2.7-3.2 2.7-3.2 2,3-2.9 2.3-2.9 2.2-2.] 
Dissip Factor 
cP utclGh «cnn evs tatenke ben D150. . 0.05-0.06 0.05-0.06 — — — 
ee. c.g yeaa te , D150. . 0.02-0.03 |  0.02-0.03 0.03 0.03 | 0,020.03 
I, ae icc wdbeicel > waviss es No track No track No track No track No track 








FABRICATING PROPERTIES 
ee ee oe oi od whaviewaces hanes ct 
Injection Molding 
i ie Ce i 
Pas ss 62 en sSowknbebecbhsoa cs 
UR TS ioe padacccaseasebebedes> 
ED WEMUULs , . . aWasimdeesceacncecdie ce 


250-320 


280-340 





1.8-2.2 


15-25 
350-425 


350-400 


1.8-2.2 


15-25 
375-450 


375-425 




















1,8-2.2 






20-30 
400-475 







400-450 











HEAT RESISTANCE 
SE MY WEEE. Vin ndp seeccscecescccee 
i a irae ni sicids data enee.s on 


140-160 
150-170 


180-200 
190-210 








155 
166 





165 
176-180 









190 
196-202 








CHEMICAL RESISTANCE 


Resist weak alkalis, acids and aliphatic hydrocarbons. Attacked by esters, ketones, aromatic 
hydrocarbons, chlorinated hydrocarbons and concentrated acids 








USES 





Transparent aircraft enclosures, 
radio and television parts, lighting, 





drafting equipment, signs 


Decorative and functional automotive parts, reflectors, 
protective goggle lenses, radio and television parts, 
household appliance parts 














2ASTM D702-46. bASTM D788-48T. 








146 « 


ormer!| 


eCenco-Fitch. 


MATERIALS IN DESIGN ENGI 











NEER 


J VAs VUS 


IN 












Alkyds 























Type »> General Purpose Electrical High Strength 
PHYSICAL PROPERTIES ASTM 
I cs cdc cchtiveovenevsdconeedea D792... 2.22-2.24 2.16-2.18 2.00-2.08 
pT Tg, HT ee 0.35-0.60 0.35-0.60 0.20-0.30 
ee rT D696. 1-3 x 10-6 1-3 x 105 1-3 x 106 
Water Absorption (24 hr), %............00eeeee D570 0.08-0.10 0.04-0.06 0.07-0.10 
PT ins Utndcdblaedseccesdpenkeeeneens Not self-extinguishing) Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES | 
Tensile Strength, 1000 psi..................05. D651 3-4 3-4 6-10 
Impact Strength (Izod notched), ft-Ib/in. notch...| D256. 0.30-0.35 0.30-0.35 8-12 
Mod of Elast in Flexure, psi................000- D790. 22-27 x 105 22-27 x 105 22-28 x 105 
Flexural Strength, 1000 psi.................... D790. 7-10 7-10 14-17 
Compressive Strength, 1000 psi................ D690. 16-20 18-20 24-28 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm..............0000e D257.. 1014 1014 10'4 
Dielectric Strength (step by step), v/mil......... D149.. 300-350 300-350 300-350 
Dielectric Constant 
iit. s ti ehiesedhadeansanaiwecaee | D150.. 6§.0-6.5 6.0-6.5 5.2-6.0 5 
ai. ivi cdakebse cisedsntacdiedh’ D150.. 4.8-5.0 4.2-4.5 4.0-4.5 
Dissipation Factor Plasti: 
ei ota ees e amen enadabdirnill D150.. 0.050-0.060 0.035-0.040 0.02-0.03 & Rub! 
iii c ak seer ibm etaunseknaeaee D150 0.016-0.018 0.014-0.015 0.017-0.022 
Se tac e parent ora pavncend cence Sotuiadiee al 
FABRICATING PROPERTIES 
ie ccccidincediansacese’ kiewed D954 1.95-2.15 1.85-2.05 9-1] 
Compression Molding | 
lL eer arr 1.0-1.5 1.0-1.5 1.5-2.0 
IIE; cis vadeagndcumiancnaennan | ae 270-330 270-330 270-330 
HEAT RESISTANCE | 
Max Rec Svc Temp (limited periods), F.......... Jesseeees 350 300 350 
Heat Dist Temp (264 psi), F..............eeeeee | D648 350-400 350-400 >400 








CHEMICAL RESISTANCE 





USES 


























Resistant to weak acids; attacked by alkalis; practically unattacked 
by organic liquids such as alcohols, hydrocarbons and fatty acids 





Ignition parts, fuse blocks, switch and circuit breaker covers and 


bases, molded resistors and capacitors, television tuner segments 
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NT ia bes ace GAs da ss 
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Type! | Type Il—Hard* Type 11 
Type » —Medium* | ‘ = — wena nieietnactaid —Soft* 
H6 | H4 | H2 | 
PHYSICAL PROPERTIES | ASTM | | 
EE ae ee | D792. 1.27-1.34 1.29-1.34 1.28-1.34 1.27-1.34 1.27-1.34 
Ther Cond, Btu/hr/sq ft/°F/ft........ | C177.. 0.10-0.19 0.10-0.19 0.10-0.19 0.10-0.19 0.10-0.19 
Coef of Ther Exp, 10-5 per °F.......... D696. 4.4-9.0 4.4-9.0 4.4-9.0 4.4-9.0 4.4-9.0 
re D542 1.46-1.50 1.46-1.50 1.46-1.50 1.46-1.50 1.46-1.50 
TI Wook wansyodecss ce re 0.3-0.42 0.3-0.42 0.3-0.42 0.3-0.42 0.3-0.42 
Transmittance (luminous), %......... | D791 80-90 75-90 75-90 80-90 80-95 
| 6 a Ge Ae D672. 3-10 | 4-15 4-15 4-10 3-8 
Water Absorption (24 hr), %.......... D570. 2.2-5.7 | 2.0-3.5 1.9-3.6 2.2-5.3 2.3-6.5 
SUIS OU cs ca cues ccccccccss D635. 0.5-2.0 | 0.5-2.0 0.5-2.0 0.5-2.0 — 
ne — —}———————___——_- } | —— - 
MECHANICAL PROPERTIES | | 
. . % | ae D638 2.7-6.5 6-8.5 5.4-7.6 4.6-6.7 1.9-4.7 
4 ER ae ee D638. 18-47 6-31 12-35 17-40 32-50 
Hardness (Rockwell). ................ D785. R72-115 R112-123 R106-121 R101-119 R49-103 
Impact Str (1zod notched), ft-Ib/in.....| D256 1.1-4.0 0.4-1.9 0.6-2.3 0.7-2.7 2.0-5.2 
Mod of Elast in Flex, 105 psi...........)......... 1.1-3.5 2.6-4.0 2.3-3.4 1.9-3.3 0.9-2.5 
Compr Str, 1000 psi.................. D695. 14.5-25 25-36 22-33 | 19-28 | 13-20 
} | 
ELECTRICAL PROPERTIES | | | 
I MI oc ncccccccccssccves D257.. 10-103 =| = 1901018 109-10 | 109-103 10!9_108 
Dielec Str (short time), v/mil..........! D149.. 250-365 | 250-365 250-365 250-365 250-365 
Dielec Const | 
60 cycles....... D150. . 3.5-7.5 3.5-7.5 3.5-7.5 3.5-7.5 3.5-7.5 
at 2, tooled D150... 3.2-7.0 | 3.2-7.0 3.2-7.0 3.2-7.0 3.2-7.0 
Dissipation Factor | 
ea a a eI | D150.. 0.03-0.38 0.03-0.38 0.03-0.38 0.03-0.08 0.03-0.08 
EGE IS SCOT ee. | D150.. 0.03-0.33 | 0.03-0.33 0.03-0.33 0.03-0.33 0.03-0.33 
FABRICATING PROPERTIES 
een chek cuada > 0 cadeseid 2.0-2.6 2.0-2.6 2.0-2.6 2.0-2.6 2.0-2.6 
Compression Moulding | 
ose hae tcc never sche 500-5000 500-5000 | 500-5000 500-5000 500-5000 
ee eta. tes ia 280-350 350-420 330-390 320-370 260-310 
Injection Molding 
RRS a a 8-32 8-32 | 8-32 8-32 8-32 
as ac ao h Gass be band 355-440 420-490 410-480 390-460 335-395 
355-400 420-450 405-455 390-420 | 335-365 





HEAT RESISTANCE 





As these are thermoplastic materials, they gradually become softer as the temperature rises. 
Maximum service temperature depends on such factors as formula, design of part, humidity 


and service conditions 





CHEMICAL RESISTANCE 








Unattacked by water, salt water solutions, white gasoline, oleic acid, 5% acetic acid and 


dilute sulfuric acid. Decomposed by 30% sulfuric, 10% nitric and 10% hydrochloric acids; 
sodium hydroxide; and 10% ammonium hydroxide. Dissolved by acetone and ethyl acetate 











USES 












Automotive and radio knobs, tool handles, business machine keys. Electrical items such as 


fluorescent lamp supports, coil spools and contact bases. Toys and novelties, sun glass 
goggles and frames, spectacle frames, buttons and tags 





sASTM D706-55T 
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Cellulose Acetate Butyrate and Cellulose Propionate 




















Cellulose Acetate Butyrate 
Type »> oamaa' ‘te _ Cellulose 
Propionate> 
Type I* Type Il* Type Itls 
(Medium) (Hard) (Soft) 
PHYSICAL PROPERTIES ASTM 
Specific Gravity. ............... D792... 1.16-1.24 1.19-1.25 1.15-1.22 1.18-1.24 
Ther Cond, Btu/hr/sq ft/°F/ft.. C177.. 10-19 x 10-2 10-19x10-? | 10-19 x 10 10-19 x 10-2 
Coef of Ther Exp ones per °F..... | D696. 6-9 x 10° 6-9 xl105 | 6-9 x10°5 7-9 x 105 
Refractive Index... sin dtl | D542. 1.46-1.49 1.46-1.49 1.46-1.49 1.46-1.48 
Spec Ht, Btu/Ib/°F... Re ae kaa dd van 5 ade BES aE 0.3-0.4 0.3-0.4 0.3-0.4 0.3-0.4 
Transmittance (luminous), %......... | D791 80-90 75-90 85-95 80-90 
Nd es oh dae okie D672 3-10 5-15 3-8 5-10 
Water Absorption (24 hr), %.. D570 1.3-2.1 1.5-2.2 1.1-2.1 1.2-2.0 
Flammability, ipm*’............ D635 0.5-1.5 0.5-1.5 0.5-1.5 1.0-1.5 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi........ D638 2.9-5.7 5.0-6.8 1.9-3.8 1.5-7.5 
Sa en pear 47-66 38-54 60-74 50-60 
Hardness (Rockwell).......... Pe R79-112 R108-114 R59-95 R20-120 o) 
Impact Str (Izod notched), ft-Ib/ in. D256 1.0-4.3 0.6-2.4 2.5-5.4 0.8-11.0 Plastic 
meee Or Eieet in Flex, 1000 psi......... 2.6.5... cc ee decease 93-168 148-199 74-126 160-330 & Rubte 
Flex Str, 1000 psi No break Nobreak | No break No break 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm..........-. | D257. 1019-1012 10°°-1012 10°0-10'2 10'2-10"5 
Dielec Str (short time), v/mil D149... 250-400 250-400 250-400 300-450 
Dielec Const 
60 Cycles... D150. . 3.5-6.4 3.5-6.4 3.5-6.4 - 
10® Cycles. ..... D150. 3.2-6.2 3.2-6.2 3.2-6.2 3.4-3.6 
Dissipation Factor 
60 Cycles... D150. . 0.01-0.04 0.01-0.04 |  0.01-0.04 — 
10® Cycles D150... 0.01-0.04 0.01-0.04 | 0.01-0.04 | 0.02-0.03 
FABRICATING PROPERTIES 
Bulk Factor........... 2.0-2.4 2.0-2.4 2.0-2.4 1.6-2.0 
Compressive Molding 
Pressure, 1000 psi... 0.5-5 0.5-5 | 0.5-5 
Temperature, F.... 285-340 320-390 | 265-305 
Injection Molding 
Pressure, 1000 psi... 8-32 8-32 8-32 8-32 
Temperature, F..... 355-440 390-480 335-395 310-480 
Mold Shrinkage, in./in. 0.001-0.008 ae 0.001-0.006 0.002-0.006 
HEAT RESISTANCE | 
Heat Dist Temp, F | 
ES ia 05 tik ne rs 5+ 5709 ER nS | D648..... 156-197 188-233 139-164! 130-200 
ction aie | D648 130-172 | 158-210 121-137 | — 





CHEMICAL RESISTANCE 


USES 
































Unaffected by 30% sulfuric, 5% acetic, 10% hydrochloric and oleic acids; discolored 
by 10% nitric acid. Unaffected by 1% sodium hydroxide and 2% sodium carbonate; 
slightly softened by 10% sodium hydroxide and discolored by 10% ammonium hydrox- 
ide. Unaffected by white gasoline, but swollen or dissolved by ethyl! alcohol, acetone, 
ethyl acetate, ethylene dichloride, carbon tetrachloride and toluene. Unaffected by 
water, salt water and 3% hydrogen peroxide. 





bases. 





Telephone handsets, steering wheels, automobile white-wall 
disks, film spools, irrigation tubing, radio housings. Electrical 
items such as fluorescent light supports, coil spools and contact 


Pen and pencil 
parts. Other uses 
similar to those 
of b: tyrate. 





8ASTM D707-55T. 


bValues given are for compounds having different plasticizer contents. 


eSelf-extinguishing cellulose acetate butyrate compounds are available. 
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Ethyl Cellulose Moldings 
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ELECTRICAL PROPERTIES 
Vol Res, ohm-cm........... 
Dielec Str (short time), v/mil 
Dielec Const 
60 Cycles... 
10° Cycles. . 
Dissipation Factor 
60 Cycles... 
10® Cycles 
FABRICATING PROPERTIES 
Bulk Factor............ 
Compression Molding 
Pressure, 1000 psi 
Temperature, F.. . 
Injection Molding 
Pressure, 1000 psi... 
Temperature, F...... 
Hot Forming Temperature, F 
Extruding Temperature, F... 








HEAT RESISTANCE 
Max Rec Svc Temp, F 
Heat Dist Temp, F 

, Se 
264 Psi...... 

















Type »> Cellulose Nitrate High Impact 
Sheet General 
Purpose A B 

PHYSICAL PROPERTIES ASTM 

Specific Gravity............ | D792... 1.35-1.40 1.10-1.16 1.10-1.16 10-1.1¢ 

Ther Cond, Btu/hr/sq ft/°F /ft | Cenco- 

| Fitch... 0.133 0.092-0.167 0.092-0.167 0.092-0.167 

hp Serre reene D696. . 4.4-6.6 x 10°5 §.5-11 x 10-5 5.5-11 x 10-5 5.5-11 x 10-5 

Refractive Index.......... D542... 1.49-1.51 1.47 1.47 1.47 

Transmittance (luminous), % D791.. 89-92 — - 

SEE FP Retin D672... 2.0-4.0" — 

Water Absorption (24 hr), % D570... 1.0-2.0 1.2-2.0 0.8-2.0 1.0-2.0 

Flammability ( >0.050 in.), ipm .| D635 b 0.5-1.5 0.5-1.5 0.5-1.5 
MECHANICAL PROPERTIES 

Mod of Elast in Tension, 105 psi D638 1,9-2.2 0.5-3.5 1.0-3.0 1.0-3.0 

Ten Str, 1000 psi... Dabs acc dukeres D638 7-8 3-7 4-6.5 3-5 

Strain at Fracture, %......... D638 40-50 — — 

Hardness (Rockwell)........... nate D785 R95-115 R80-120 R80-90 R70-80 

Impact Str (1zod notched), ft-Ib/in. . D758... 5-7 1.7-6.0 3.5-6.0 4.0-7.0 

Mod of Elast in Flex, 105 psi... .... D790 2.3-2.5 — 

Flex Str, 1000 psi...... e D790. 9-l1¢ 4-10 6 

Compr Str, 1000 psi. . . | D695. 22-35 - 











CHEMICAL RESISTANCE 

















USES 






| D257 10-15 x 101° 10!2-1014 10!2-10'4 10!2-10'4 
D149 300-600 350-500 350-500 350-500 
D150.. 7.0-7.5 - 
D150... 6.4 2.8-3.5 2.8-3.3 3.0-3.6 
D150 0.09-0.12 - 
D150 0.06-0.09 0.010-0.060 0.010-0.030 0.018-0.035 
1.8-2.4 1.8-2.4 1.8-2.4 
0.5-5 0.5-5 ).5-5 
250-390 250-390 50-390 
§-32 8-32 3 
-_ 350-500 350-500 350-500 
135-250 — 
180-200 300-450 350-450 251).450 
120-140 
200-220 - — : 
140-160 120-160 130-145 125-140 












Resistant to 30% sulfuric acid, carbon tetra- 
chloride, 10% sodium chloride, 10% nitric acid, 
10% hydrochloric acid, 5% acetic acid, 2% 
sodium tetrachloride, distilled water, aliphatic 
and aromatic hydrocarbons, and < 1% sodium 
hydroxide. Soluble in ketones, esters, lower 
alcohols and glycol ethers. Attacked by concen- 
trated sodium hydroxide, ethylene dichloride 
and 50% ethanol 





Unaffected by 3 sulfuric, 5 acetic 
and 10% hydrochloric acids; 10%} 
sodium hydroxide, 2% sodium car- 
bonate and water. Slightly affected 
by 30 sulfuric and 10% nitric acids; 
and 10% ammonium hydroxide. 
Attacked by 95% ethyl alcohol, 
acetone, toluene and gasoline 


Fountain pens, spectacle frames, drawing in- | Radio housings, toothbrushes, pen 
struments, ping-pong and billiard balls | and pencil barrels, tool handles 








*l4 in. sheet containing no color. 


cNo break; specimen failed by slipping through supports 








bCellulose nitrate under 0.050 in. thick burns very rapidly (D568). 
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Diallyl Phthalate 












Type »> Orlon-Filled Dacron-Filled Asbestos-Filled Glass Fiber-Filled 
PHYSICAL PROPERTIES | ASTM 
Specific Gravity D792... 1.31-1.34 1.40 1.65-1.70 1.55-1.59 
Coef of Ther Exp, per °F.... D696. . 1.5 x 10-5 2.0 x 10°5 3.5 x 10-5 ».2-2.6 x 10-5 
Water Abs (122 F, 48 hr), % 0.2-0.5 0.2 0.4-0.5 0.12-0.2 
Flammability (ignition time), sec 68 84-90 70 400-450 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi® D638 . 6 x 105 — 17 x 105 — 
| 2 ere D638. 4500-6000 4600 4000-5500 5500-7000 
Hardness (Rockwell)....... D785. M108 — M107 M100 
Impact Str (1zod notched), ft- Ib/ in D256. . 0.5-1.2 1.7-4.5 0.30-0.45 0.5-6.0 
Flex Str, 1000 psi........ : D790. . 10-10.5 9-11.5 | 8-10 10-12 
Compr Str, 1000 ee | D695 20-30 30 18-25 25 
ELECTRICAL PROPERTIES | | 
Dielec Str, v/mil | 
Short Time (dry). . D149.. 366 376-390 378 382-430 
Short Time (wet) D149.. 375 360-391 330 345-420 
Step by Step (dry) D149.. 364 350-374 320-350 335-420 
Step by Step (wet) D149.. 333 350-361 225-250 295-420 
Dielectric Breakdown, kv 
Short Time (dry) 55-81.7 70-80 55-80 63-70 
Short Time (wet >) 60-65 66-70 | 55 45-65 
Step by Step (dry). 55-60.5 60-65 | 38-70 60-65 
Step by Step (wet) 46-60 60 | 39-60 49.5-65 
Dissip Factors | 
Dry... | D150... 0.023, 0.015 0.006, 0.012 0.039, 0.040 0.004, 0.010 
Wet¢ | D150... 0.026, 0.020 0.009, 0.017 0.042, 0.154 0.008, 0.015 
Dielec Const¢ 
Dry... | D150... 3.9, 3.3 3.8, 3.4 5.2, 4.5 4.5, 4.2 
Wet¢,. | D150... 4.1, 3.3 3.8, 3.6 4.8, 4.7 4.6, 4.4 
Vol Res, megohm-cm4 D257... 60,000 100-25,000 6000 1000 
Surface Res, megohms?4 .| D257... 25,000 500-10,000 6000 500 
Arc Resistance, sec D495. . 85-115 105-125 125-140 125 
FABRICATING PROPERTIES 
Bulk Factor D392... 3.5-5.2 5.2 1.9-2.4 1.9-4.0 
Compression Molding 
Pressure, psi 500-2000 500-2000 500-2000 500-2000 
Temperature, F 270-320 270-320 270-320 270-320 
Transfer Molding 
Pressure, psi ils cd 1000-5000 1000-5000 | 1000-5000 1000-5000 
(me Ls Pe 270-310 270-310 270-310 270-310 
ok” Oe nee Pe 0.009 0.010 0.004-0.007 0.004 
Post Mold Shrinkage (480 hr, 257 oe in./ ‘in.| 0.001 0.0006 0.0005 0.0005-0.0007 
oes a, Se en oe 
HEAT RESISTANCE | | 
l Max Rec Svc Temp, F.................. eae 300 300-370 350-450 | 400-450 
Fe PONE, ales lc cacavee Gaus | D648... 240-266 270-290 | 300-350 





CHEMICAL RESISTANCE 


| 300-350 




























































Unaffected by weak acids and alkalis and organic solvents. Slightly affected by strong acids 


and alkalis 










aConditioned 48 hr at 122 F. 
bTested after 48-hr immersion in water at 122 F. 


eValues given for frequencies of 1 ke and 1 me, in that order. 


dConditioned 30 days at 100% RH and 158 F. 
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Cast Epoxies 






Properties of Materials * PLASTICS AND RUBBER 





























Type »> Epoxy Polysulfide-Epoxy 
PHYSICAL PROPERTIES ASTM 
EE eer re D638 1.15-1.19 1.15-1.23 
ETE Ta C177 0.097-0.116 ~ 
FT ere ee D696 2.66-5.00x 105 | 1.1-5.5 x 105 
Water Absorption (24 hr), %....... 2. c eee e cece eee ees D570 0.05-0.12 | 0.25-0.50 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, pSi...................c eee eee D638 4.5-5.4 x 105 | 0.01-3.5 x 105 
Tensile Strength, 1000 psi............. ccc cece ee ee eee D638 8.5-12 | 3-10 
dt ce cheabaccdnstihnbasinnd D638 — | 0-100 
ect nie ve chabacdsanssosdesceus D785 M80-105 | — 
Impact Strength (!zod notched), ft-Ib/in............... D256 0.35-0.7 2-10 
SO, MO nk Sa vecsccrccccceseedéves D790 14.5-18.5 1-18 
Compressive Strength, 1000 psi....................08. D695 15.5-23.5 1-14 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm................00cceeeees | D257... >8 x 10 1.3-15 x 102 
Dielectric Strength (short time), v/mil..................| D149... 400-500 235-400 
Dielectric Constant 
Ns ae aban 6565 RUART ones sob des skueuubhe D150.. 3.7-4.1 2.5-4.5 
EN a aren D150.. 3.4-3.8 3-6 
Dissipation Factor 
as ch ic5as tate Seked Piao cckecahebass D150.. 0.001-0.002 0.010-0.040 
SEES SS ee D150. . 0.020-0.026 0.018-0.090 
es neva de acedaceestendiaeseaes D495. 50-180 50-180 
HEAT RESISTANCE 
CS EE eee > ee 300 250-300 
150-250 


rE, Wo 5 sh Aiicls svcd sesheas ecabnabbesen 





CHEMICAL RESISTANCE 


USES 








150-225 





Resistant to weak acids and some strong 
acids. Slightly affected by some strong alka- 
lis. Practically unattacked by organic liquids 
such as alcohols and hydrocarbons 


Tools and dies, potting and encapsulation of 
electrical components, preparation of preci- 
sion castings. High-strength laminates, struc- 


tural adhesives, patching compounds 
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Fluorocarbons 


















































Polytrifluorochioro- Polytetrafluoro- 
bal ethylene ethylene 
PHYSICAL PROPERTIES ASTM 
i D792 2.10-2.15 2.1-2.3 
Ther Cond, Btu/hr/sq ft/°F/ft...........) ® 0.035-0.036 0.142 
Coef of Ther Exp, per °F......... ....| D696. 3.88 x 105 5.5 x 105 
Refractive Index...................0.... D542. 1.43 1.35 
FTC rere 0.22 0.25 
Transmittance (luminous), %............ D791 80-92 “e 
Water Absorption (24 hr), %.............} D570. 0.00 0.00 
(a Oe Re! Nonflammable Nonflammable 
MECHANICAL PROPERTIES 
Mod of Elast in Compression, psi......... D638. 1.8 x 105 0.70-0.90 x 105 
Mod of Elast in Tension, psi............. D638. 1.9-3.0 x 105 0.38-0.65 x 105 
Tensile Strength, 1000 psi...............| D638. 4.6-5.7 1.5-3.0 
Elongation (in 2 in.), %.................| D638 28-87 120-350 
Hardness (Rockwell)................0.-. D785... R110-115 | J75-95 
Abrasion Resistance, gm/cycle.......... b 0.0080 | — 
Impact Strength (Izod notched), ft-Ib/in...| D256 3.50-3.62 | 2.5-4.0 
Mod of Elast in Flexure, psi..............| D747.. 2.0-2.5 x 105 0.6 x 105 
Flexural Strength (0.1% offset), 1000 psi. .| D790. . — 1.6 
Compressive Strength (0.1% offset), 
PINS ra dis eba sacs atsudesdecessad’ D695 2.0 0.7-1.8 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm..............| D257.. 1018 10° 
Dielectric Strength (short time), v/mil....| D149... 530-600 400-500 
Dielectric Constant | 
EE > 2.6-2.7 2.0 
10® Cycles. ..... D150... 2.30-2.37 2.0 
Dissipation Factor 
he ic a ee dasa D150. . 0.02 0.0002 
sh vas hi ainsa @u.dee © cioite oases | D150. 0.007-0.010 0.0002 
ra! anes >360 >200 
FABRICATING PROPERTIES | 
Injection Molding) 
Pressure, 1000 psi................. a 5-30 
WO ich icccvceikcosscawes . 420-620 
Compression Molding 
ins fpr 0.1-15 
IT « < | :sn.o ewe de@anassanBessi sxe 445-525 
ALC OITL Lola vawennhsorcas ha eara il 2.5 
ee er rere ne 0.005-0.010 
HEAT RESISTANCE 
Tks acnenctadnaatecandada 380 500 
Heat Dist Temp, F 
Nene Ug get opp D648. . 196-291 
a a a i A cas ae D648. . 151-178 — 








CHEMICAL RESISTANCE 


Impervious to corrosive chemi- 
cals; highly resistant to most 
organic solvents. Swelling may 
occur with some highly halo- 
genated and aromaticcompounds 


Inert to most chemicals and 
solvents with the exception of 
alkali metals. Halogenated sol- 
vents at high temperatures and 
pressure have some effect 





USES 





Chemical pipes, gaskets, pump 
parts, electrical cables, tank 
linings, connectors, coil forms, 
connector inserts, valve dia- 
phragms, electrical insulation 


Chemical pipes, valves and valve 
liners, gaskets and packings, 
pump bearings and impellers, 
electrical and electronic equip- 
ment, anti-adhesive coatings 








aCenco-Fitch. 
bFederal Spec L-P-406A 1092.1. 
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Fabric— 
Filler and Type » Alpha Cellulose— Mineral— Low to Intermediate | Fabric—Iintermediate 
General Purpose Electrical Shock Resistant Resistance 
PHYSICAL PROPERTIES ASTM 
ic ikscnscsiasesesacecs D792... 1.47-1.52 1.7-2.0 1.5 1.5 
Ther Cond, Btu/hr/sq ft/°F/ft..........]........ 0.17-0.24 0.32-0.41 0.257 0.25-0.26 
Coef of Ther Exp, per °F................| D696 1.11-3.17 x 105 1.06-2.50 x 105 1.55 x 105 1.55 x 10-5 
Transmittance (luminous), %...........| D570 14.5 Opaque Low _ 
Water Absorption (24 hr), %............| D570. 0.1-0.6 0.08-0.14 0.3-0.6 0.2-1.3 
NE cos dius ds ssessabeeneens Self-extinguishing Self-extinguishing Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............. D638 13-16 x 105 16-19.5 x 105 16 x 105 16 x 105 
Ten Str, 1000 psi............ ee 7-10 5.5-7.0 8-9.5 5.7-9 
SS ee D638 — 0.30-0.45 0.6-0.8 0.6 
Hardness (Rockwell)... .. fend es owe D785 M118-124, E110 M110 M120 M115 
Impact Str (lzod notched), ft-Ib/in....... D256. . 0.24-0.35 0.28-0.40 0.5-0.9 1.0-1.5 
Mod of Elast in Flex, psi.......... .| D790... 15 x 105 16 x 105 18.5 x 105 19 x 105 
Compr Str, 1000 psi D695 40-45 25-30 30-35 25-32 
ee rer D790 10-16 8.7-11 _ 12-15 13-17 
ELECTRICAL PROPERTIES 
po eee rere bo , 10!2-10"4 104_10!8 109-1012 | — 
Dielec Str (short time), v/mil...........| D149 310-330 350-430 250-350 130-370 
Dielec Const 
60 Cycles. . D150. . 8.4-9.4 6.4-10.2 7.6-8.6 10.5-15.5 
10® Cycles. D150.. 5.6-5.8 6.1-6.7 6.5-6.9 6.1-6.7 
Dissip Factor 
TS Sa SIP et 0.05-0.08 0.07-0.17 0.07-0.11 0.10-0.32 
SE re ore 0.03-0.04 0.04-0.05 0.036 0.050-0.065 
Arc Resistance, sec. D495 122-128 120-170 115-128 5-8 
FABRICATING PROPERTIES 
Bulk Factor. ..... D392 2.1-3.1 2.1-2.5 5-10 5-10 
Compression Molding 
| 1.5-8 1-7 4-8 4-8 
i. hod cc tnich sath ab naiena ieee 280-370 275-340 275-330 300-380 
Transfer Molding 
Pressure, 1000 psi Veer: eee 4-12 4-20 — — 
Ns, ace Ubreleinin. dn Shin «anti 300-320 270-340 _ ~ 
Mold Shrinkage, in./in.................. VAS ss vei 0.006-0.015 0.003-0.007 0.003-0.004 0.004-0,005 
















HEAT RESISTANCE 
Max Rec Svc Temp, F.................. 





Heat Dist Temp (264 psi), F............. 


210 
350-410 





250-400 
265 





250 
310 









250 
375 











CHEMICAL RESISTANCE 


Resistant to weak acids, weak alkalis, organic solvents, greases and oils. Attacked by strong 
acids and strong alkalis 














USES 








General purpose 
electrical and me- 
chanical applications 
such as kitchenware, 
tableware, lighting 
fixtures, reflectors 





Elevated temperature 
and electrical appli- 
cations such as ig- 
nition parts, circuit 
breakers, terminal 
blocks, electronic 
parts 





Applications requir- 
ing improved impact 
strength, such as 
insulation, circuit 
breakers, food trays, 
medical equipment 














Applications requir- 
ing medium impact 
strength, such as 
nozzles, insulation 
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Melamines—concluded 



































Cellulose— | Glass Alpha Cellulose 
Filler and Type » Unfilled | Electrical Fiber and Mineral 
PHYSICAL PROPERTIES ASTM | | 
Specific Gravity... | D792... 1.48 | 1.43-1.50 | 1.9-2.0 1.49 
Ther Cond, Btu/hr/sq ft/°F ft. asta kaa — 0.17-0.20 0.28 = 
Coef of Ther Exp, per °F.. D696. — 1.11-2.78 x 10-5 | 0.82 x 10-5 
Transmittance (luminous), %. + ay Good Opaque | — 
Water a - hr), - Ciauieu chan D570 0.3-0.5 0.27-0.80 0.10-0.60 0.5 
Flammability .. vaaars D570. Self-extinguishing Self-extinguishing Self-extinguishing Self- Retinitis 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............. D638. . — 10-11 x 105 -- — 
Ten Str, 1000 pai. Bs 3 D638. — 5-9 6-10 5 
Elong (in 2 in.), %. D638 . — 0.6 — - 
Hardness (Rockwell). ....... -.....| D785 _ M115-125 — 
Impact Str (1zod notched), tt Ib/in.. .....| D256 — 0.27-0.36 4.0-12.0 0.30 
Mod of Elast in Flex, psi..... ....+-| DIM 13 x 10° 1.0-1.3 x 106 ~- 
Compr Str, 1000 psi....................] D695. 40-45 25-33.5 26-32 - 
Flex Str, 1000 psi... .. D790. 11-14 | 9-10 10-23 g 
ELECTRICAL PROPERTIES | 
a D257... — 10!2--10'3 1-7 x 108 102 
Dielec Str (short time), v/mil........... D149. . — | 350-400 250-300 375 
Dielec Const 
eS ee D150... _ 6.2-7.6 9.7-11.1 ~- 
10® Cycles... D150... — 4.7-7.0 | 6.9-7.2 6.4 
Dissip Factor | 
SE TE Ses 4 eee: — 0.019-0.033 0.14-0.23 - 
10 Cycles... eS MOOR - 0.032-0.06 | 0.02-0.03 0.031 
Arc Resistance, sec. . D495. 100-145 95-135 | 180-186 125 
FABRICATING PROPERTIES. | 
a D392 2.0 2.2-2.6 5-7 2.4 
Compression Molding 
. | aE Serer 2-5 1.5-3 2-8 2-5 
Ess ckasscdancrdecesceus 300-340 290-360 280-340 280-350 
Transfer Molding 
os a ccnctnecdieuiesss ss oa — 6-20 8-20 2-10 
EE Es — 300-330 290-310 285-350 
Mold Shrinkage, in./in..................]....008. 0.011-0.012 0.006-0.008 0.001-0.004 0.006-0.007 
HEAT RESISTANCE | 
8 See oy rere 210 250-280 300-400 | 275-325 
Heat Dist Temp (264 psi), F............. D648. . 293-298 265 400 300 








| 





CHEMICAL RESISTANCE 


Resistant to weak acids, weak alkalis, organic solvents, greases and oils. Attacked by strong 
acids and strong alkalis 





USES 





Pearlescent buttons, 
moldings, ornamen- 
tal applications 








General mechanical 
and electrical appli- 
cations, particularly 
at elevated tempera- 
tures. Applications 
requiring improved 
holding power for 
metallic inserts such 
as electrical and elec- 
tronic parts 





Applications requir- 
ing high shock re- 
sistance, good elec- 
trical properties, and 
high resistance to 
burning. Switchgear, 


terminal strips, stand- 


off insulators, coil 
forms 





Primarily electrical 
applications requir- 
ing low after-shrink- 
age, good dimensional 
stability and excel- 
lent molding charac- 
teristics 
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Polyamides (Nylons) 
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Joining.......... Pye I fea 





HEAT RESISTANCE 
Fe ae 

Heat Dist Temp, F 
66 Psi SRE ELT er eee 

















66 Nylon | 610 Nylon 
anne Pune Injection Extrusion and Injection 
Type »> Molding | Extrusion =| Molding 
— and Injection |——— 
0.2% Water | 2.5% Water | Molding | 0.2% Water. | 1.5% Water 
PHYSICAL PROPERTIES | ASTM | 
a i ie au als | D792.. 1.14 | - | 1.14 | 1.09 - 
Ther Cond, Btu/hr/sq ft/°F/ft......... a 0.14 0.142 0.12 
Coef of Ther Exp, 10° per °F.......... D696 5.5 5.5 5.5 - 
Cy PR eT tree 0.3-0.5 0.4 0.3-0.5 | — 
Refractive Index...................... D542. 1.53 1.53 — 
Water — - hr), a D570... 1.5 — 15 5 0.4 
Flammability. . Pe sae | D757. . .|Self- sinsalattititin Self- eengeeny? Self- hein datas i Self- edbeantesicitii: bal extinguishing 
MECHANICAL PROPERTIES Lc 
Mod of Elast in Tension, 105 psi......... D638 4.1 2.1 40 2.8 1.6 
ee D638 11.8 11.2 11.2-12.6 8.5 | 7.1 
errs | D638. 60 300 100-200 85 | 320 
Hardness (Rockwell)................... | D785 M79, R118 M59, R108 =| R118 R111 — 
Impact Str (1zod notched), ft-Ib/in..... _| D256. . 0.9 2.0 1.1-1.5 0.6 1.6 
Mod of Elast in Flex, 105 psi............ | D790... 4.1 2.1 - 2.8 1.6 
Flex Yid Str, 1000 psi.................. | D790. 13.8 - 13.8 8 — 
Compr Yid Str, 1000 psi................ | D695. 13 — 7.2 — 
Compr Yid Str (1% def), 1000 psi....... | D695. — _ 4.9 : ~_ 
ELECTRICAL PROPERTIES | | 
Ee | D257. — . 45x 10% —~ | — 
Dielec Str (short time), v/mil........... | D149 385 - 385 470 | 
Dielec Const | | | | 
' aa! = ey 4.0 7.6 | 4.1 3.9 | . 
tes rege tte <5.5553 D150... 3.6 3.6 3.4 ~ | a 
Dissip Factor | 
ETE AEE ery. D150. . 0.01 0.09 0.014 — — 
10® Cycles..... Pere fe ere D150... 0.02 | 0.08 | 0.04 0.02 | = 
Arc Resistance, sec.................64. D495 — | — | — | — | _ 
FABRICATING PROPERTIES | | | | : 
Bulk Factor... obese Oe D392 2.1 2.14 | 2.2 — 
Injection Molding | 
Pressure, 1000 psi................... Bibs 10-20 — — | 10-20 | _ 
OER HEX 520-650 | — 450-600 | 





Can be cemented with aqueous phenol or various proprietary adhesives. Spin welding, 
extrusion lamination and other techniques can be used in special cases 





275-300 a 


— a= 
om =. 


! 





360 
150 


| 


225 


| 











CHEMICAL RESISTANCE 


oxidizing agents 


Inert to most organic chemicals such as esters, ketones, alcohols and hydrocarbons. Resists 
alkalis and salt solutions, but is attacked by phenols, formic acid, mineral acid and strong 














Gears, bearings, automatic wash- 
ing machine valves, rollers and 
slides, combs and brush backs, 
aerosol bottles, coil forms, and 
mechanical parts where lubrication 





is undesirable or difficult 








Tubing, rods, 
pipe, sheeting, 
laminations 





Jacketing for wire and cable; 
special molded parts 













aCenco-Fitch. 
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Polyamides (Nylons) —concluded 



































6 Nylon Soluble Resin 
Type » menounos | (solution, injection,| Glass Fiber— 
General Purpose Extrusion and extrusion) Filled 
Injection Molding | Injection Molding | 
PHYSICAL PROPERTIES | ASTM 
Specific Gravity. .... D722. 1.13-1.14 1.14 1.12-1.13 1.33 
Ther Cond, Btu/hr/sq ft/°F/ft.... 0.10-0.14 0.11-0.12 0.16 | — 
aml okey al i ae D696... 4.6-5.4 4.6-7.1 8.2 Very low 
Spec Ht, Btu/Ib/°F a Oe 0.4 — 0.4 _ 
Refractive Index. . ' D542 — — _ — 
Water Absorption (24 hr), fe ; D570. . 1.6-2.0 2.1-3.3 | 2.0-5.5 0.2-1.2 
Flammability.................. D757... Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi | D638. . 2.5-3.4 1.5-3.6 0.38 — 
fk | | D638. . 10.2-12 10.2-11.3 3.8-7.4 12-20 
a re | D638. . 300 300 300-600 6.5-8.5 
Hardness (Rockwell). ...... | D785... R105-118 R103-111 R45-83 M85-95 
Impact Str me notched), 
ft-Ib/in.. | D256... 1.2-3.0 | 1.5-3.5 >16 2.0 
Mod of Elast in Flex, 10° psi............ | D790... ie . 0.3-0.7 
Flex Yld Str, 1000 psi..... | D790 15.5 — 1-2 >25 
Compr Yid Str, 1000 psi. . D695. 11-12 — — 
Compr Yid Str (1% def), 
RE ee | D695 7.1-9.7 6.7-8.8 | 0.8 ~ 
ELECTRICAL PROPERTIES | 
Vol Res, ohm-cm. | D257 10!3_10!5 103-105 5 x 10% 4.9-5.7 x 10 
Dielec Str (short time), v/ ‘mil. | D149 420-485 440-500 420 487-520 
Dielec Const 
60 Cycles. ... D150. 4.5-11.5 5.1-14.0 | 10.7 3.99-4.03 
10° Cycles. . | D150... 3.6-4.3 3.5-4.5 45 3.37-3.45 
Dissip Factor 
60® Cycles. ... | D150.. 0.03-0.07 0.06-0.10 0.19 0.0155-0.0210 
10® Cycles...... .| D150... 0.03-0.13 | 0.03-0.11 | 0.14 0.0171-0.0176 
Arc Resistance, sec. D495 — — | — 147-149 
} } 
FABRICATING PROPERTIES | | 
ee D392 1.60-1.68 1.72-1.82 | 2.5 2.0 
Compression Molding | 
Pressure, 1000 psi. 1-2 — 
Temperature, F.... ~ 325-380 — 
Injection Molding 
Pressure, 1000 psi 10-25 10-25 10-25 
| ee 440-550 300-500 450-700 
Extruding Temp, F... . 450-550 430-! 550 | 500-550 - 
| a ~ 2S a — ——— 
Sere bik 60 aebees ide xddeiowaceateas estas edalive or neubeus shane | b 
HEAT RESISTANCE | 
FS eee ee psahratesas 225-250 200-250 140 300-400 
Heat Dist Temp, F | 
RS £8 aid va ux vilos 08d betas D648. 340 — 100 350 
WINE, 15GB sind epdbandss oc nac daa D648. . 145 _ — — 
CHEMICAL RESISTANCE Resists esters, ke- | Resists petroleum | Resists ketones, | Attacked by strong 





USES 


tones, alkalis, 
weak acids, alco- 
hols and common 
solvents. Not re- 
sistant to conc min- 
eral acids 


oils and greases, 
alkalis, esters, ke- 
tones, alcohols and 
common solvents. 
Not resistant to 
mineral acids, 


alkalis and esters. 
Not resistant to 
alcohols, phenols, 
formic acid, and 
mineral acids 


acids. Fairly resis- 
tant to strong 
alkalis. Resists 
common solvents 








Bearings, gears, 
bushings, coil 
forms, brush 
backs, rod, tubing, 





tape 


Abrasion-resistant 
shielding on insu- 
lated wire and 
mechanical cable. 
Pipe, tubing 


Jacketing for wire 
and cable, seals, 
packings. sheeting, 


adhesives, abrasion- 





resistant finishes 





Gears, business 
machine parts, ap- 
pliance handles, 
terminal blocks, 
meter housings 





aCenco-Fitch. 






bCan be bonded with 70-30 methanol-water as cement, or 10% solution of resin in methanol-water as solvent. 
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Properties of 








Phenolics 


Materials e 


PLASTICS AND RUBBER 





Type and Filler » 


General— 
Woodflour and 
Flock 


Shock— 
Paper, Flock 
or Pulp 


High Shock— 
Chopped Fabric 
or Cord 


Very High Shock 
Glass Fiber 





PHYSICAL PROPERTIES 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/°F /ft 
Coef of Ther Exp, 10-5 per °F 
Spec Ht, Btu/Ib/°F.. bits 
Water — (24 hr), % %. 
Flammability . . ; 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi 
Ten Str, 1000 psi......... 


Elong (in 2 in.), % 
Hardness (Rockwell) 


Impact Str (Izod notched), ft-lb/in. | — 


Mod of Elast in Flex, 10° psi 
Flex Str, 1000 psi 
Compr Str, 1000 psi.... 


ELECTRICAL PROPERTIES 

Vol Res, ohm-cm 

Dielec Str (short time), v mil. 

Dielec Const 
a 
10® Cycles... 

Dissip Factor 
60 Cycles.......... 
10® Cycles........... 

Arc Resistance, sec..... 

FABRICATING PROPERTIES 

Bulk Factor... 

Compression Moldi ng 
Pressure, 1000 psi.. 
Temperature, F 

Transfer Molding 


Pressure, 1000 psi.................. a oie Be 
es aX 55 wad aba oe REe eee 


Mold Shrinkage, in./in 


| ASTM 
Ore. . 
conf 

..| D696. 
..| D570.. 
..| D635... 


1.32-1.55 
0.097-0.170 
1.66-2.50 
0.35-0.40 
0.3-0.8 
Self- inate 


8-13 


6.5-8.5 
0.4-0.8 
M108-120 
0.24-0.50 
8-12 
8.5-12 
22-36 





10%-1038 
200-425 


5.0-9.0 
4.0-7.0 


0.05-0.30 
0.03-0.07 
5 








2.1-4.4 


1.5-5.0 
290-380 


2-10 
275-340 
0.005-0.008 





HEAT RESISTANCE 
Max Rec Svc Temp, F 
Heat Dist Temp, F 


300-350 
260-340 





1.34-1.46 
0.1-0.16 
1.6-2.3 


0.4-1.5 


1.36-1.43 
0.097-0.170 
1.60-2.22 
0.30-0.35 
0.4-1.75 


Self- u betaeaasintiied | Self-extinguishing | 


8-12 


§.0-8.5 


8.0-11.5 
24-35 


1-50 x 10 
250-350 


5.6-11.0 
4.5- 7.0 


0.08-0.35 
0.03-0.07 
5 


2.3-5.7 


2-5 
290-380 


2-10 
275-340 
0.004-0.009 


300 
290-340 


9-14 


9-9 
0.37-0.57 
M93-120 

0.6-8.0 

9-13 

8-15 

15-30 


>10!° 
200-350 


6.5-15.0 
4.5- 7.0 


0.08-0.45 
0.03-0.09 
i) 


3.0-18.0 


2-6.5 
280-380 


2-12 
275-340 
0.002-0.009 


250-275 
250-340 


1.75-1.90 
0.88 
0.28-0.32 


0.1-1.0 
heuaiericanesteittee 


30-33 
5-10 
0.2 
M95-100 

10-33 

10-45 

17-30 
7-10 x 10! 
200-370 


7.1-7.2 
4.6-6.6 


0.02-0.03 
0.02 
60 
6.1-6.3 


1-5 
900-5000 


0.0 


350-450 
600 





CHEMICAL RESISTANCE 


Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
alkalis and organic solvents vary with the reagent. Chemical resistance varies with 
the particular formulation and not all materials of a type are equally resistant 











Mechanical applications include pulleys, wheels, motor housings, handles. Electrical 
uses include coil forms, ignition parts, condenser housings, fuse blocks, instrument 
panels. Thermal applications include handles, appliance connector plugs. Chemical 
uses include photographic development tanks, rayon spinning buckets and parts, 
milking machine cups. Decorative uses include radio and television cabinets, 
handles, knobs, buttons 





iss « 


MATERIALS IN DESIGN 


ENGINEERING 
Formerly Materials & Methods 








Phenolics—continued 





Shock & Heat- 














Type and Filler » High Frequency— Mineral, Flour Heat— Chemical 
Mineral and Yarn Minera (no filler) 
PHYSICAL PROPERTIES ASTM 
Specific Gravity............ D792. 1.75-1.92 1.68-2.00 1.54-1.75 1.24-1.90 
Ther Cond, Btu/hr/sq ft/°F/ft C177.. 0.24-0.34 0.19-0.39 0.19-0.39 
Coef of Ther Exp, 10-5 per °F ..| D696. .. 1.05-1.44 0.83-1.17 1.17 2.4 
rn | D570... 0.28-0.32 0.28-0.32 0.28-0.32 — 
Water Absorption (24 hr), %..............| D635.. 0.01-0.07 0.1-0.5 0.2-0.5 0.15-0.60 
Ee eee eee eee siiilea’s Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi... D638. 30-50 15-25 10-20 7-15 
Ten Str, 1000 psi.. | D638, 
| D651. 5-7 4-9 4-6.5 4.5-7.5 
Elong (in 2 in.), % D638 0.10-0.53 — -- ~ 
Hardness (Rockwell)................ | D785 M100-110 M100-110 M98-115 M105-120 
Impact Str (1zod notched), ft-Ib/in.. . D256 0.30-0.38 0.27-3.50 0.24-0.40 0.2-0.6 
Mod of Elast in Flex, 105 psi..............)....... 30-40 10-25 10-20 7-15 
Flex Str, 1000 psi....... D570 8-12 7-15 3-10.5 7-12 
Compr Str, 1000 psi D695. 15-25 15-25 15-35 18-32 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm....... Tere 103 100-102 104-1012 10! -10! 
Dielec Str (short time), v/mil.............| D149.. 300-375 100-250 150-350 225-275 
Dielec Const 
60 Cycles... D150 4.7-5.5 30-150 5.8-40.0 9-19 
10® Cycles D150 4.4-5.1 5-7 4,8- 8.0 5.5-7.0 
Dissip Factor 
60 Cycles... D150.. 0.01-0.07 0.25-0.50 0.10-0.35 0.15-0.25 
10® Cycles... | D150. 0.005-0.02 0.10-0.50 0.04-0.15 0.04-0.09 
Arc Resistance, sec D495 16 6 5-120 — 
FABRICATING PROPERTIES 
Bulk Factor......... 2.1-2.7 3-14 2.0-2.8 1.9-3.0 
Compression Molding 
Pressure, 1000 psi 2.0-5.5 2-6 2-6 2-6 
Temperature, F. 300-350 290-380 290-380 300-360 
Transfer Molding 
Pressure, 1000 psi 2-10 2-12 2-9 2-10 
Temperature, F. . 275-325 275-325 275-325 275-340 
Mold Shrinkage, in./in. 0.003 0.0005-0.005 0.002-0.006 0.002-0.01 
HEAT RESISTANCE 
TE Ae eee oe 250-300 350-400 375-425 300-425 
ven otinene D648 230-325 290-375 350-400 300-350 


Heat Dist Temp, F.. 


CHEMICAL RESISTANCE 


USES 











Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
alkalis and organic solvents vary with the reagent. Chemical resistance varies with 
the particular formulation and not all materials of a type are equally resistant 


Mechanical applications include pulleys, wheels, motor housings, handles. Elec- 
trical uses include coil forms, ignition parts, condenser housings, fuse blocks, 
instrument panels. Thermal applications include handles, appliance connector 
plugs. Chemical uses include photographic development tanks, rayon spinning 
buckets and parts, milking machine cups. Decorative uses include radio and 
television cabinets, handles, knobs, buttons 









continued 
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Properties of Materials e PLASTICS AND RUBBER 





Phenolics—concluded 





Arc Resistant— 
Mineral 


| Rubber Phenolic— | Rubber Phenolic— | Rubber Phenolic 


Type and Filler » | Woodflour or Flock | Chopped Fabric | Asbestos 








PHYSICAL PROPERTIES 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/°F/ft. 
Coef of Ther Exp, 10-5 per °F............ 
Spec Ht, Btu/Ib/°F 
Water Absorption (24 hr), % 
Flammability 


ASTM 


D792... 


C177.. 
D696. . 


D570... 


1.8-3.0 
0.24-0.34 


0.28-0.32 
0.2 
Self- einai 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi 
Ten Str, 1000 psi 


Elong (in 2 in.), % 

Hardness (Rockwell) 

Impact Str (1zod notched), ft-lb/in........ 
Mod of Elast in Flex, 10° psi 
ER 
a 








ELECTRICAL PROPERTIES 
Vol Res, ohm-cm 
Dielec Str (short time), v/mil 
Dielec Const 
60 Cycles...... 
10® Cycles 
Dissip Factor 


i clei xecocvadl 


Arc Resistance, sec 





FABRICATING PROPERTIES 
Bulk Factor 
Compression Molding 


Pressure, 1000 psi.................. aul 


Temperature, F 
Transfer Molding 
Pressure, 1000 psi 
Temperature, F 
Mold Shrinkage, in./in. ................. 


1.24-1.35 
0.12 

0.83-2.20 

| 0.33 

| 05-20 

Self- extinguishing 

} 

| 


108-104 
250-375 


300-350 
0.005-0.010 


1.30-1.35 
0.05 
1.7 


0.5-2.0 


Self-extinguishing | 


2-6 
300-350 


2-12 
300-350 
0.003-0.006 





HEAT RESISTANCE 
Max Rec Svc Temp, F 
Heat Dist Temp, F 





335 


212-300 
220-270 








212-225 
220-280 


1.60-1.65 
0.04 
2.2 


0.10-0.50 
Self-extinguishing 


2-12 
300-350 
0.005-0.008 


225-260 


| 250-300 





CHEMICAL RESISTANCE Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
) alkalis and organic solvents vary with the reagent. Chemical resistance varies with 


the particular formulation and not all materials of a type are equally resistant 





Mechanical applications include pulleys, wheels, motor housings, handles. Elec- 
trical uses include coil forms, ignition parts, condenser housings, fuse blocks, 
instrument panels. Thermal applications include handles, appliance connector 
plugs. Chemical uses include photographic development tanks, rayon spinning 
buckets and parts, milking machine cups. Decorative uses include radio and 
television cabinets, handles, knobs, buttons 








160 ¢ MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 











Cast Phenolics 


























Type I— Type tl— Type tli— 
Type »> Mechanical General Purpose General Purpose 
and Chemical Decorative Transparent 
PHYSICAL PROPERTIES | ASTM 
ids acob cath dawadakes eeieenes | D792... 1.31 1.32 1,33 
Coef of Ther Exp, per °F................-++0-+-| D696...) 3.3-4.4x 105 3.3-5.5 x 105 4.7-6.6 x 105 
Water Absorption (24 hr), %........ceseeeeeees | D570... 0.35-0.40 0.32-0.35 0.3-2.0 
Flammability (>0.050 in.)............. cece eee | D635... Self-extinguishing Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, pSi..............ee0ee. | D638. . 4-5 x 105 3-4.5 x 105 1-3 x 10 
Tensile Strength, 1000 psi.................005. | D638... 6-9 5-7.2 2.5-4.5 
PETE CIs bc ccpscdicnsvcsccccsecvess | D785... M93-120 M90-105 R98-120 
Impact Strength (Izod notched), ft-lb/in.........} D256... 0.25-0.40 0.30-0.45 0.23-0.35 
Mod of Elast in Flexure, pSi.............eeeeeee | D790... 3-5 x 105 3-5 x 105 1-3 x 105 
Flexural Strength, 1000 psi... .....eeeeeeee sees | D790... 11-17 10-15 4-7 
Compressive Yield Strength (1% offset), 1000 psi..| D695... 14-18 12.8-15.8 4.5-6.5 
ELECTRICAL PROPERTIES 
Volume Resistivity, Ohm-CM......seeee. eee eeeee Oeeless 1-7 x 102 1-3 x 10! 3x 10" 
Dielectric Strength (short time), v/mil...........| D149... 350-400 300-450 75-250 
Dielectric Constant | 
ik bieacesrsaeitennisescendeda | D150... 6.5-7.5 15-20 20-30 
hiriceechdache ta treencebedsssn ce D150.. 4.0-5.5 5.0-11.0 7-8 
Loss Factor 
cinch sd chenbiedibeedscnenMeeueeel D150.. 0.05-0.9 0.4-4.0 5.0-17.0 
Rs c.ccueainnssneteieuudsenatheanes | D150.. 0.15-0.35 0.05-1.10 0.6-0.8 
FABRICATING PROPERTIES Castings produced by pouring resins into molds (generally made of 
lead). Resins converted to solid by heating several days at atmos- 
| pheric pressure and temperatures below 212 F. After oven baking, 
casting is removed from mold, and is ready for machining and 
polishing 
HEAT RESISTANCE | | 
Heat Distortion Temp, F 
Dnsinddichsvesenchanesnnneeseesesesns D648... — 150-160 125-135 
Matin GbE ccd ceeawebeoeeerestahatbens D648... 165-175 130-140 100-125 











CHEMICAL RESISTANCE 





USES 








Unless specially formulated, do not resist strong alkalis or strong 
acids. Dilute alkalis: slight to marked attack depending on alkali. 
Dilute acids: no effect or slight decomposition depending on acid. 
Continuous immersion in acetone, Cellosolve, methyl alcohol or ethyl 
alcohol results in noticeable attack, depending on time, temperature 
and hardness of cast resin 





Drill and saw jigs, stretch press molds and dies for fabricating air- 
craft parts, furniture hardware. instrument casings, sporting goods, 
costume and ornamental jewelry 
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Properties of 











Materials e 


Cast Allyls and Polyesters 






PLASTICS AND RUBBER 





























Type »> Allyl Rigid Polyester Nonrigid Polyester 
PHYSICAL PROPERTIES ASTM 
Specific Gravity................ D792. 1.30-1.45 1.12-1.46 1.06-1.25 
Ther Cond, Btu/hr/sq ft/°F/ft C177 0.116-0.121 0.10-0.12 — 
Coef of Ther Exp, per °F............... D696. 2.8-5.6 x 10° 3.9-5.6 x 10-5 _— 
Refractive Index................... D542 1.50-1.58 1.53-1.58 1.50-1.57 
Specific Heat, Btu/Ib/°F... PETS OT > See 0.26-0.55 0.30-0.55 _ 
Water Absorption (24 hr), %.. D570 0.03-1.0 0.15-0.60 0.40-2.5 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi D638 2-3 x 105 1.5-6.5 x 10° _ 
Tensile Strength, 1000 psi D638 45-7 4-10 0.9-1.9 
Elongation (in 2 in.), %..... D638 —_ <5 40-310 
Hardness (Rockwell)................... D785 M92-118 M65-115 — 
Impact Strength (Izod notched), ft-Ib/in. D256. 0.18-0.32 0.18-0.40 >7.0 
8 rere for ore 3-8 x 105 3-9 x 105 | 0.001-0.1 x 10° 
Flexural Strength, 1000 psi.............. D790. 6-14 7-19 
Compressive Strength, 1000 psi... D695 20-26 12-37 
ELECTRICAL PROPERTIES | 
Volume Resistivity, ohm-cm......... 0) eel. >10'8 >10'8 >10' 
Dielectric Strength (short time), v/mil .|D149.. 330-500 340-570 220-400 
Dielectric Constant 
A .| D150. . 3.2-5.2 2.8-4.4 4.2-7.0 
10® Cycles... .. .| D150... 3.3-4.8 2.8-4.0 3.7-6.1 
Dissipation Factor 
60 Cycles........ ...| D150... 0.006-0.02 0.003-0.04 0.02-0.18 
10® Cycles. .... ..| D150... 0.024-0.045 0.006-0.04 0.02-0.06 
Arc Resistance, sec .| D495... 120-150 115-135 125-145 
HEAT RESISTANCE 
Max Rec Sve Temp, F D648. . 300 250-300 200-250 
a. sy dane gy anes 120-420 | 250 





CHEMICAL RESISTANCE 


Attacked by oxidiz- | Slightly to heavily attacked by strong acids. 





120-320 














ing acids. Slightly at- | Attacked by strong alkalis, ketones and 
tacked by strong al- | chlorinated solvents 

kalis. Resistant to or- 

ganic solvents 


















Castings used for aircraft glazing, electrical components, decorative 
applications. Resins used for premix and prepreg molding materials, 
matched metal molding and hand lay-up molding 
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MATERIALS IN DESIGN 


ENGINEERING 
Formerly Materials & Methods 











Polyethylenes 





Low Density 





Melt Index 














Type »> Meltindex | Melt Index Meit Index High Density 
0.3-1.4 | 1.7-3.6 6-26 200 
PHYSICAL PROPERTIES | ASTM 
Specific Gravity............. ass cent 0.916-0.930 0.910-0.930 0.918-0.925 0.910 0.95-0.97 
Ther Cond, Btu/hr/sq ft/°F/ft...... | C177. 0.19 0.19 0.19 0.19 0.19 
Coef of Ther Exp, 10-5 per°F........... | D696. 8.9-11.0 8.9-11.0 8.9-11.0 11.0 6.9-11.0 
Refractive Index... ...........ccce cues. | D542. 1.51 1.51 1.51 1.51 1.51 
Spec Ht, Btu/Ib/°F.......... secon sh Oe 0.53-0.55 0.53-0.55 0.53-0.55 0.53-0.55 0.53-0.55 
Water Absorption (24 hr), %...... | D635. <0.01 <0.01 <0.01 <0.01 <0.01 
Flammability, ipm...... |> sckwie 1.0 1.0 1.0 1.0 1.0 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi. | D638 0.21-0.27 0.24 0.20-0.24 
Ten Str, 1000 psi D412 1.9-2.5 1.4-2.4 1.4-2.0 0.9-1.1 3,5-5.5 
Elong (in 2 in.), % D412 550-725 500-700 125-675 80-100 25-100 
Hardness (Shore)......... hacen D785 C73, D52 C73, D50-51 C73, D47-53 D45 D63-D70 
Impact Str (1zod notched), ft-lb/in.. . | D256. -- — — — 1.0-3.0 
gE ee <-94 <-94 <-4 <14 <-100 
Stiffness in Flex, 1000 psi. . ..| D747 14-24 13-27 12-30 10 55-70 
Shear Str, 1000 psi. ... |: 1.7-1.85 1.6-1.8 1.4-1.7 ] 3.5-4.5 
ELECTRICAL PROPERTIES | 
Vol Res, ohm-cm. ..| 0257... 10!7-10'9 | 10!7_10'8 10'7-10'9 10'7_-10'9 10!7--10!9 
Dielec Str (short time), v/mil.. | D149.. 550-1000 | 550-1000 550-1000 550-1000 550-1000 
Dielec Const. . D150.. 2.3 | 2.3 2.3 ca 2.3 
Dissip Factor. . D150.. < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
FABRICATING PROPERTIES 
Bulk Factor 1.8-2.0 0 1.8-2.0 1.8-2.0 1.8-2.0 
Compression Molding 
Pressure, 1000 psi 1.0-3.5 
Temperature, F _- 300-450 
Injection Molding 
Pressure, 1000 psi 5-22 9-22 5-15 2-10 5-22 
Temperature, F 275-650 275-650 275-650 250-350 275-650 
Mold Shrinkage, in./in................... 0.02-0.05 0.02-0.04 0.01-0.04 0.01-0.02 0.02-0.05 
Apparent (bulk) Density 30-33 30-33 30-33 30-33 : 
HEAT RESISTANCE 
Softening Point, F.. 200-230 196-230 180-230 156 200 











CHEMICAL RESISTANCE 


Excellent resistance to acids and alkalis at normal temperatures, except oxidizing acids 
such as nitric, chlorosulfonic and fuming sulfuric. Insoluble in organic solvents below 122 F; 
at higher temperatures soluble to varying degrees in hydrocarbons and halogenated hydro- 
carbons, but insoluble in more polar liquids. Generally, a higher melt index material has 
greater solubility 











Injection moldings: kitchen utility ware, toys, process tank liners, closures, | Refrigerator parts, 
packages, sealing rings, battery parts. Blow moldings: squeeze bottles | bouyancy appli- 
for packaging, containers for drugs. Film: wrapping materials for food, cations, index 


clothes, other items. Wire and cable: high frequency insulation, jacket- | packaging, struc- 
ing. Pipe: chemicals handling, irrigation systems, natural gas transmission 


tural housing 
panels, pipe in- 
sulation, cold 
storage insulation, 
| toys 
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Properties of Materials e 


Silicones 


PLASTICS AND 


RUBBER 





Type and Filler » 


General— Mineral 


improved Impact— 
Glass Fiber 


High Impact—Glass 
Fiber oi « 4 





PHYSICAL PROPERTIES ASTM 
| a |) ae 
Ther Cond, Btu/hr/sq ft/°F/ft............| C177... 
Coef of Ther Exp, per °F.................] D696... 
Water Absorption (24 hr), % D570... 
, ee | |. a 

MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
Hardness (Rockwell)................ 
Impact Strength (Izod notched) ft-Ib/in....}| D256. . 
Mod of Elast in Flexure, psi...............| D790. 
Flexural Strength, 1000 psi........ .| D790 
Compressive Strength, 1000 psi. . . .| D695 


D651... 
.| D785. . 


ELECTRICAL PROPERTIES 

Volume Resistivity, ohm-cm 

Dielectric Strength (short time), v/mil 

Dielectric Constant 
a 
10® Cycles 

Dissipation Factor 
EE at) me 
ig Se 

Arc Resistance, sec................. .| D495. . 

Loss Factor 
60 Cycles...... 
10® Cycles. .... 


D257 
D149... 


.| D150... 
.| D150... 


..| D150 
.| D150... 





FABRICATING PROPERTIES 
een FOUN ............ 
Compression Molding 

Pressure, 1000 psi.. 
Temperature, F... 
Transfer Molding 
Pressure, 1000 psi... . 
Temperature, F............ 
Mold Shrinkage, in./in........ 





HEAT RESISTANCE 
Max Res Svc Temp, F 
Heat Dist Temp, F 


1.8-2.0 
0.089-0.097 
2.78-3.23 x 10-5 
0.2-0.4 
0-78 


4-43 
M89 
0.25-0.30 
10-13 x 10° 
6.8-7.5 
16-20 


>3.4 x 10’ 
350-400 


4.1-4.5 
3.8-4.3 


0.010-0.014 
0.006-0.010 
250-420 


0.041-0.063 
0.023-0.043 


2.1-2.6 


300-350 


3.5-15 
300-350 
0.006-0.010 


>450 
>300 





CHEMICAL RESISTANCE 


| 

| 
— = 

| 

| 


1.8-2.0 
0.089-0.097 
3.17-3.23 x 10-5 
0.4-0.5 
0-60 


4-43 
M89 
0.33-0.38 
9-11 x 105 
6.1-6.4 
12-16 





>3.4 x 10? 
300-400 


0.008-0.011 
0.007-0.011 
250-350 


0.041-0.058 
0.034-0.056 


2.3-2.8 


2-4 
300-350 


3.5-15 
300-350 
0.005-0.008 


>450 
>300 





| 





1.65-2.00 
0.089-0.097 
0.45 x 105 
0.1-0.5 
25-100 


4.4-5 
M45 
3.00-6.00 
15-19 x 105 
9-14 
10-15 


>5 x 10? 
250-400 


4.8-5.0 
3.6-5.1 


0.006-0.030 
0.005-0.020 
20-350 


0.029-0.035 
0.025-0.077 


6-9 


1-5 
300-350 


4.5-15 
300-350 
0.003-0.005 


>450 
>300 





Resistant to aviation gasoline, lubricating oil, and sulfuric and hydrochloric acids. 
Slightly softened and pitted by sodium hydroxide, except some of the mineral- 
filled materials. Should be tested if resistance to ketones, toluene, ethylenes, etc., 


is required 








Motor slot wedges, terminal boards, connector plugs, switches and insulators, 
aircraft brake assemblies, jet engine parts, aircraft ignition systems, guided 


missile parts 





¢ MATERIALS IN DESIGN 


ENGINEERING 


Formerly Ma & 


WAELDOUS 








Polystyrenes and Polymethylstyrenes 















Methylstyrene Polystyrene 
Type » - Polymethy!- ahettanene General Heat Glass 
styrene Acrylonitrile Purpose Resistant Fiber-Filled 
PHYSICAL PROPERTIES | ASTM | 
Specific Gravity. ............... | D792... 1.03 1.06 1.04-1.07 1.04-1.07 1.32-1.35 
Ther Cond, Btu/hr/sq ft/°F/ft....| C177... “ a 0.058-0.080 0.058-0.080 | ~ 
Coef of Ther Exp, 10-5 per °F... ..| D696.. _ ome 3.3-4.4 3.3-4.4 — 
Spec Ht, Btu/Ib/°F........... ey eee _ — 0.32-0.35 0.32-0.35 | a 
Refractive Index..... | D542. 1.581 1.559 1.58-1.60 1.58-1.60 Low 
Transmittance (luminous), %.....|....... Transparent Transparent 0-93 0-93 — 
Water Absorption (24 hr), %......| D570. 0.05 0.31 0.03-0.05 0.03-0.07 | 0.07 
incousaieinds iit eesaeinaes | D635 Slow Slow 1.0-1.5 1.0-1.5 | — 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, 105 psi. ..| D638... _ — 4-5 4-5 | 12 
re cre D638... 6.6 9.3 5-8 7-8.5 10-14.5 
so eres | | 2.2 | 2.5 1.5-2.4 1.5-2.4 | 0.75-1.0 
Hardness (Rockwell)........... | D785... M76 M83 M68-80 M65-85 M80-90 
Impact Str (Izod notched), ft-Ib/in..| D256. . . 0.33 0.40 0.25-0.35 0.25-0.40 | 1.5-2.5 
Mod of Elast in Flex, 108 psi...... 'Y6e 4.0 | 4.6 4-5 4-5 | — 
Flex Str, 1000 psi................| D790 13 | 16 | 8-15 1-16 — 
Compr Str, 1000 psi...... | D695 — — | 11.5-16 11.5-16 | 16-19 
ELECTRICAL PROPERTIES — | | 
Vol Res, ohm-cm......... | D257. 2.63 x 10'4 2.65 x 104 108-1018 | 108-1918 | 0.1-6.7 x 10 
Dielec Str (short time), v/mil.... .| D149 890 610 | >500 | >500 | 440-496 
Dielec Const | 
GP GHENS.....0.85... D150 — _ | — | 3.11-3.22 
10° Cycies......... | D150 2.48 2.81 | 2.45-2.65 | 2.94-2.98 
Dissip Factor 
60 Cycles...... | D150... — | _ — — | 0.0364-0.0490 
10® Cycles........... | D150... 0.0006 | 0.0078 — 0.0001-0.0005 |  0.0019-0.0025 
Arc Resistance, sec... . . | D495... — — — — | 95-109 
FABRICATING PROPERTIES | 
Bulk Factor... ees a 16-23 | 1623 — 
Compression Molding 
Pressure, 1000 psi.. 1-8 1-8 1-7.5 1-10 2-5 
Temperature, F.... 300-375 300-375 | 275-400 | 275-400 275-350 
Injection Molding | | | 
Pressure, 1000 psi... 10-30 10-30 10-24 10-24 15-20 
Temperature, F.... 400-550 400-550 325-650 | 375-600 450-575 
Mold Shrinkage, in./in. 0.0046 0.0035 0.002-0.008 {| 0.002-0.008 | 0.001-0.005 
Joining......... Can be solvent welded with ethyl or ~ 
butyl acetate, methylethy! ketone, cyclo- 
hexanone or trichloroethylene; also 
(polymethylstyrene) xylene or toluene. 
Better bonds obtained by adding ground | | 
resin granules to these solvents | | 
HEAT RESISTANCE | | | 
Guan CNG SUC VOM, Foon. ccs. .e fessacs- 210 212 140-160 160-180 _ 
Heat Dist Temp, F............ D648. 213 215 165-190 | 182-206 | 218-230 













































CHEMICAL RESISTANCE 


Same as polysty- | Resists aliphatic 
renes | hydrocarbons, gaso- 
| line, essential oils, 


vegetable and 


mineral oils 








Radio cabinets, 
housewares and 
household utility 
parts, refrigerator 
parts, decorative 
lighting, packag- 
ing, electronic 
components 





Same as polymeth- 
ylstyrene. Also 
metering sight 
glasses, fan blades, 
combs, automotive 
interior parts, 
machine housings 


Good resistance to alkalis, salts, lower alcohols, glycols, 
water. Fair resistance to mineral and vegetable oils. 
Soluble in aromatic and chlorinated hydrocarbons. Sof- 
tened or attacked by higher alcohols, gasoline, strong 
oxidizing acids, chlorine and bromine waters 










Electrical parts, including storage 
battery cases, insulators, coil forms. 
Fluorescent light fixtures, rigid con- 
tainers, instrument panels, light 
machine housings, namepiates, re- 
frigerator parts, housewares, toys 
















Household utility, 
cases, meter hous- 
ings, cabinet doors, 
storage drawers 
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Modified Polystyrenes 


Properties of Materials e PLASTICS AND RUBBER 





Heat & Chemical 
Resistant 


Medium Impact 


High Impact 


Extra High Impact 





PHYSICAL PROPERTIES 
Specific Gravity......... 
Ther Cond, Btu/hr/sq f 
Coef of Ther Exp, per °F 
Refractive Index.......... 
Spec Ht, Btu/Ib/°F........ 
Water Absorption (24 hr), % 
Flammability, ipm........ 


F/tt 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 
Elong (in 2 in.), %...... 
Hardness (Rockwell). .... 
Impact Str (lzod notched), ft-Ib/in 
Mod of Elast in Flex, psi....... 
Flex Str, 1000 psi 
Compr Yid Str, 1000 psi. 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm xe 
Dielec Str (short time), v/mil 
Dielec Const 
60 Cycles. . 
10® Cycles. 
Dissipation Factor 
60 Cycles. ... 
10® Cycles 
FABRICATING PROPERTIES 
ae 
Compression Molding 
Pressure, 1000 psi. 
Temperature, F.. 
Injection Molding 
Pressure, 1000 psi 
Temperature, F......... 
Mold Shrinkage, in./in. 


HEAT RESISTANCE 


ff 8 ere 


Heat Dist Temp, F 








1.05-1.11 
0.046-0.072 
3.8 x 10-5 
1.58-1.60 
0.32-0.35 
0.1-0.3 
0.4-0.7 


4-6 x 105 

10-11 
1-3 

M78-88 

0.25-0.50 

4-6 x 105 
11-17 
12-17 


10!3_10!7 
400-600 


2.7-3.4 
2.7-3.1 


0.001-0.008 
0.001-0.008 


1.6-2.3 


1-5 
325-450 


10-24 
400-700 
0.002-0.008 


175-190 
200-220 


1.05-1.07 
0.024-0.072 
3.3-4.4 x 10-5 


0.30-0.35 
0.03-0.07 
1-2 





4.2-4.6 x 105 
3.5-6.8 
§.5-7.5 
M70-80 
0.6-1.0 

3-5 x 105 
No failure 
7-9 
1016_1 017 
>500 


2.55% 


0.0004-0.0008 = 


1.6-2.3 


1-7.5 
325-450 


10-24 
300-600 
0.002-0.008 


| 
140-165 | 
160-180 | 


1.04-1.08 
0.024-0.072 
3.6-4.7 x 10° 


0.30-0.35 
0.04-0.08 
1-2 


3.3-4.5 x 105 
3.5-6.5 
5-35 
M30-55 
1.0-3.0 
3-4.5 x 105 
No failure 
5-8.5 


10'5_ 1016 
>450 


2.45-2.70* 


0.0004-0.01 * 


10-24 
350-600 
0.002-0.008 


125-165 
155-175 


1.01-1.08 
0.02-0.10 
4.7-9.9 x 10° 


0.33-0.38 


0.06-1.0 


2.0-3.5 x 105 
3-4.5 
20-100 
M30-65 
4.8-15.0 

2.5-4 x 105 
No failure 
3.5-6.5 


104-1016 
>400 


2.55-2.93* 


0.007-0.1* 


1-5 
350-475 


10-24 
375-525 
0.005-0.009 


125-155 
150-165 











CHEMICAL RESISTANCE 


_—_ 


USES 


More resistant to at- 
tack by solvents, oils 
and other organic 
liquids than other 
polystyrenes 





Battery cases, coil 
forms, drafting in- 
struments, sight 
glasses on pressure 
lubricating systems, 





Similar to general purpose polystyrene 








Coat hangers, toilet 
seats, toys, novelties, 
containers, packaging 





thermostat housings 


Refrigerator door 
panels, drawers and 
crispers ; knobs, toys 
and novelties, vacuum 
forming sheets 








Freezer lids, battery 
cases, action toys, 
children’s furniture, 
tote boxes, trays 





aAverage for wide frequency range. 
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MATERIALS IN DESIGN 


Former! 


ENGINEERING 


Materials & } 


ethods 











Grade* » 





PHYSICAL PROPERTIES | ASTM 
i EE cs cin eae wav ss.cadlee | D792... 1.47-1.52 1.52 
ee Ti Te | C177... 0.17-0.244 
civ ceccsaacksaseveesceuess | D696... 1.22-1.50 x 10° 
Transmittance (luminous), %...........0ccceeceeeeee rrr 21.8 0 
Water Absorption (24 hr), 0.0... ccc cece cece cece eees D570... 0.4-0.8 
Se otk i. Gao gpanedandes ind cents D635... Self-extinguishing 


MECHANICAL PROPERTIES 





Self-extinguishing 











| 
Ee I A FOUIEIOEE, OUR ices cccsvedcccvcdcaes | D638... 13-16 x 105 
Pe, FE OU vic cisiccnccxssssdasccves ces D638... 5-10 
a | D638... 1.0 
ETT TOT TT TTT PET TTT | D785... £94-97, M116-120 
Impact Strength (lzod notched), ft-Ib/in............... D256. .. 0.24-0.35 0.26-0.27 
Piexural Stvengin, LOUD pS... ......ccccccccscccccccas D790... 10-18 10-13 
Compressive Strength, 1000 psi...................... D695... 25-38 
Be I Os Fo cin vcdvcvvcvdecscsevetartbesessen 11-12 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cmM.............00c cece eens D257.. 0.5-5 x 10" 5-8 x 10! 
Dielectric Strength (short time), v/mil................ D149.. 300-400 340-370 
Dielectric Constant 
as Hin scc bbb ON Co adG0eeeibe’sixenewes D150... 7.0-9.5 7.2-7.3 
cede eee hRscevanedad cieeuwee D150... 6.4-6.9 6.4-6.5 
Dissipation Factor 
Rs i ncanhbhenan.duWakeGivakane eee | D150... 0.035-0.043 0.042-0.044 
is vnias nade tenchossevaneevaeevedinel D150... 0.028-0.032 ).027-0.029 
Loss Factor 
EN nn os hcp nadaeeeetekaiknny ues ee Sener 0.24-0.38 0.30-0.32 
Er eT ae 0.18-0.22 0.17-0.19 
EN re aE ae ae D495... 80-130 85-110 
FABRICATING PROPERTIES 
eth 6 i chbdied-atbwbabaddsdsid ddaweslodssasta 2.4-3.0 
Compression Molding 
ETT TTT TEC TET CTE TTTTET ETT ocr T 2-8 
NN sc uneninannhd deena es aiuv neste deuke’ 275-350 275-321 
ED 5 svn kd ex dronecnedevensedersebvedius 0.006-0.014 0.007-0.008 
HEAT RESISTANCE 
D648... 266-280 


Heat Distortion Temperature, F.................00005 





CHEMICAL RESISTANCE 


USES 





High resistance to organic solvents, oils and greases. 
Poor resistance to acids and alkalis, depending on 
concentration 

Such housings as radio, | Low cest items. Available 
television, business | only in dark color. Espe- 
machines, food equip- | cially suited for electric 
ment. Toilet seats, house- | switch plates, wiring de- 
hold electrical switches | vices and electrical parts 
and plugs, buttons and | requiring high arc resist- 
cosmetic containers ance 











sASTM D-705-55. 


MATER 


IALS SELECTOR ISSUE, 1957-58 ¢ 167 











Properties of Materials 


e PLASTICS AND RUBBER 


Polyvinyl Chloride and Copolymers 





Polyvinyl Chioride, Polyvinyl Chioride-Acetate 





Nonrigid— General 


| Nonrigid—Electrical 


| Rigid—Normal Impact 


| Vinylidene Chloride 





PHYSICAL PROPERTIES 
Specific Gravity............... 
Ther Cond, Btu/hr/sq ft/°F/ft 
Coef of Ther Exp, per °F...... 
Refractive Index 
Spec Ht, Btu/Ib/°F. . cas 
Water — - hn, % %. 
Flammability. . ata g.4 


MECHANICAL PROPERTIES _ 
Mod of Elast in Tension, 105 psi 
Ten Str, 1000 psi 

Elong (in 2 in.), % 

Hardness (Rockwell). . 

Hardness (Shore). . 


impact Str (Izod natched), ft-lb / rin. at 


Mod of Elast in Flex, psi.. 


100% Modulus, psi....... “— a , | | 


Flex Str, 1000 psi....... : 
Compr Str, 1000 psi....... 
Compr Yid Str, 1000 psi. . . 





ee 


Cold Bend Temp, F 


ELECTRICAL PROPERTIES 
Vol Res, ohm-cm. 

Dielec Str (short time), v/mil. . 
Dielec Const (60 cycles). . 


Dissip Factor (60 cycles)... are - , : ..| 


Loss Factor (60 cycles)......:......... 


FABRICATING PROPERTIES 

Bulk Factor 

Compression Molding 
Pressure, 1000 psi. ... 
Temperature, F.... 

Injection Molding 
Pressure, 1000 psi. . 


Temperature, F............. - a 


Mold Shrinkage, in./in. 
Extrusion Temp, F.... 


HEAT RESISTANCE 
Max Rec Svc Temp, F 
Heat Dist ~~ F 

66 psi. . 

264 psi. . 


Softening Point, ae arecenndh 


D648. . 
| D648. . 


leseeces 








CHEMICAL RESISTANCE 


1.20-1.55 
0.07-0.10 


0.2-1.0 
Self-extinguishing 


0.004-0.03 
1-3.5 
200-450 


A50-100 
Variable 


1300-1750 


-J0to 0 
-40 to -—4 
1-700 x 10!2 


§.5-9.1 
0.05-0.15 


2.4-2.6 


0.5-2 
285-350 


7-15 
320-350 


0.02-0.05 
325-400 


150-220 


1.16-1.40 
0.07-0.10 


0.40-0.75 
Self-extinguishing 


0.01-0.03 
2-3.2 
220-360 


A78-100 
Variable 


1200-2800 


-7 to +59 
-49 to —4 


4-300 x 10" 
24-500 
6.0-8.0 

0.08-0.11 
1.0-1.2 


2.4-2.6 


0.5-2 
285-350 


12-20 
325-375 
0.02-0.06 
350-385 


140-220 


1.32-1.44 
0.07-0.10 
2.8-3.3 x 10-5 


0.03-0.40 
Self-extinguishing 


3.5-4.0> 
9.9-9 
9-25 
R117-120 
D70-85 
0.25-1.2 
3.8-5.4 x 105 


12.5-16 
11-12 
10-11 


10'4- >10' 
725-1400 
2.3-3.] 
0.020-0.03 
0.030-0.072 


2.0-2.4 


>| 
275-400 


>20 


300-375 
0.001-0.004 


150-165 


170-185 
140-170 





Generally resistant to alkalis and weak acids. Moderately to not re- 
sistant to strong acids. Not resistant to ketones and esters; aromatic 
hydrocarbons produce swelling 





Parts made by mold- 
ing, high speed ex- 
trusion, calendering. 
Blown extruded film. 
Vacuum cleaner 
parts, handlebar 
grips, doll parts, hair 
curlers, safety goggle 
cups, grommets, toy 
tires, garden hose, 





ments 





and protective gar- 


Parts made by calen- 
dering, extrusion. 


Insulation and jack- 
eting for: communi- 
cation and low ten- 
sion power wire and 
cable, building wir- 
ing, appliance and 
machine tool cords, 
and switchboard 
cable 





| 


Parts made by calen- 
dering, laminating, 
molding, extrusion. 
Fume hoods and 
ducts, storage tanks, 
chemical piping, plat- 
ing tanks, phono- 
graph records. Sheets 
and shapes for deco- 
rative panels, other 
building uses 





1.68-1.75 
0.053 
8.78 x 10-5 
1.60-1.63 
0.32 
>0.1 
Self-extinguishing 


0.7-2.0 
4-8, 15-40 
15-25, 20-30 
M50-65 
>A95 
2-8, 0.053 


15-17, flexible 


75-85 


10'_10!6 
3-5 
0.03-0.15 


0.5-5 
250-350 


10-30 
300-400 
0.008-0.012 
<375 


170-212 


190-210 
130-150 
240-280 





Excellent to all acids 
and most common 
alkalis° 


Extrusions: gasket 
rods, valve seats, 
flexible chemical tub- 
ing and pipe, tane 
for wrapping joints, 
chemical conveyor 
belts. Moldings: 
spray-gun handles, 
acid dippers, parts 
for rayon producing 
equipment 





aWhere two values or ranges are given, they represent unoriented and oriented forms, respectively. 
bModulus of elasticity in compression. ‘Unaffected by aliphatic and aromatic hydrocarbons, alcohols, esters, etc. 
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Polyvinyl Alcohol, Butyral and Formal 














Material » Polyvinyl Polyvinyl Polyvinyl! 
Alcohol Butyral Formal 
PHYSICAL PROPERTIES ASTM 
Specific Gravity. . — D792. . 1.21-1.31 1.07-1.20 1.2-1.4 
Ther Cond, Btu, hr/sq ft/ F, ft C177.. 0.46 _— 0.089 
Coef of Ther Exp, per °F. D696. . 3.88-6.65 x 10-5 4.4-12.7 x 10-5 3.55-4.27 x 10°5 
Refractive Index.............. D542. . 1.49-1.53 1.48-1.49 1.5 
as ee 0.3 0.4 
Transmittance (luminous), % A: +o eee are a 85-91 80-90 
Water a 7” hr), %. D570 >30 1.0-3.0 0.5-3.0 
Flammability. . ‘ D635. Slow burning Slow burning Slow burning 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi D638. — 3.5-4.0 x 105 5-7 x 10° 
Tensile Strength, 1000 psi... | D638 1-5 4-8.5 9-11 
Elongation (in 2 in.), R- | D638. 300-600 5-60 5-20 
Hardness (Rockwell). . ae D785 _- L95 M85 
Se ere 10-100 — — 
Impact Strength (Izod rail ft-lb/in....| D256 0.74-1.02 0.8-20 
Mod of Elast in Flex, psi.. (eta cnkeaeaass — 5-6 x 105 
Flexural Strength, 1000 psi. . ee D790. 10 17-18 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm.... . D257... >10"4 
Dielectric Strength (short time), v/mil D149... 400 300-600 
Dielectric Constant 
60 Cycles... D150. 3.61 3.7 
10® Cycles... | D150.. 3.33 3.0 
Dissipation Factor | 
60 Cycles.. D150. . 0.0070 0.010 
10® Cycles. . D150. 0.0065 0.023 
FABRICATING PROPERTIES 
Compression Molding 
Pressure, 1000 psi.. 5-15 1-2 1-10 
Temperature, F. . 250-300 320-400 275-325 
Injection Molding 
re 11-15 14-32 
Temperature, F. sa 400 325-425 
Mold Shrinkage, in. Jin. -— 0.0015-0.0035 
HEAT RESISTANCE 
Max Rec Svc Temp, F.............. eres 115 130-165 
Heat Dist Temp, F.. | D648. . 115-140 155-185 


CHEMICAL RESISTANCE 


USES 





Good resistance to organic 
solvents and petroleum. 
Attacked by strong acids. 
Softened or dissolved by 
weak acids and by alkalis 





Resistant to alkalis, aliphatic hydrocarbons, and most 
oils. Attacked by acids, alcohols, esters and ketones. 
Butyral used with wider range of solvents than Formal 








Adhesives and binders, 
textile sizing, coating and 
sizing for paper, thicken- 
ing agents. Molded: 
chemical and oxygen tub- 
ing, gaskets and dia- 
phragms. Film: airtight 
bags, packaging for 
chemicals 





Plasticized form used as 
interlayer for safety glass. 
Solution uses: adhesive 
primer, metal conditioner, 
cloth waterproofing 





Base for electrical insu- 
lating enamel with high 
heat resistance. Metal 
wire and cable coatings 
requiring high toughness 
and adhesion 





aTransparent to opaque. 


bUnder atmospheric conditions enough water will be absorbed to make most electrical measurements useless. 
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Properties of Materials » 


High Pressure Laminates (General Purpose) 


PLASTICS AND RUBBER 





Grade » 


CE A 
(canvas-phenolic) (asbestos paper - 
phenolic) 


AA 
(asbestos cloth - 
phenolic) 


G-3 
(glass cloth 
phenolic) 





PHYSICAL PROPERTIES 

Density, gm/cu cm 

Ther Cond, Btu/sq ft/hr 

Max Rec Svc Temp, F 
Short time....... 
Continuous 

Coef of Ther Exp, 10-5 per °F 
Lengthwise 
Crosswise. . 

Water Absorption (24 hr), ¢ % 
Ye In. Thick 
Ym In. Thick 
Y, In. Thick 


°F /ft 


MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise 
Crosswise 
Flex Str, 1000 psi 
Lengthwise 7 weit 
Ee eT ee 
Compr Str (flatwise), 1000 psi 
Mod of Elast in Flex, 105 psi 
Lengthwise 
Crosswise 
Impact Str ~snging ft Ib/in. 
Lengthwise. . 
Crosswise. . 
Hardness (Rockwell) 
Bond Strength, Ib 





ELECTRICAL PROPERTIES 

Dielec Str a short time), v/mil 
Ys In. Thick. . 
¥y In. Thick. . + 

Dielec Str (par., step by step, ¥% ii in. | thick), ky 
Cond A. aa 
Cond 048/50. . 

Dissip Factor (108 cycles) 


8. eer ee 
Dielec Const (10® cycles, cond A).. 
Insulation Res (cond C96/35/90), meg. 
Arc Resistance, sec................... ; 
AIEE Insulation Class. 


USES 


1.72 


400 
275 


0.31 
0.49 


1.3 
0.8 
0.5 


53 
10 10 
A B 


1.70 


400 
275 


0.58 
0.58 


2.5 











Switchboard panels, | Mechanical parts in 


circuit breaker and | drying ovens, tenter 
switch arms, terminal | rails 

blocks, electrode | 

supports for plating | 

tanks, bases for | 

motors, bobbin heads | 

(often in combina- | 

tion with XX) 


Rotor vanes, water 


washers, armature 
slot wedges, caustic 
resistant applica- 
tions, electric appli- 
ance insulation 





pumping thrust | 


1.65 


410 
290 


0.52 
0.62 


0.030 
6.5 
200 

10 
B 


Armature slot 
wedges, structural 
parts requiring good 
electrical properties, 
| electrical equipment 
| operating at rela- 
| tively high tempera- 
| tures 


| 
| 
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High Pressure Laminates (General Purpose) —concluded 



































G-5 G-10 GPO-1 Commercial 
Grade » (glass cloth- (glass cloth- (glass mat- —| " and 
melamine) epoxy) polyester) | Trunk Fiore 
PHYSICAL PROPERTIES | | 
I MN ios cccvecicaccecoss 1.9 1.78 1.5-1.9 | 1.15 
Ther Cond, Btu/sq ft/hr/°F/ft............ 0.29 _ — | 
Max Rec Svc Temp, F 
a 425 350 350 | 
NE ace sen i éasn can 300 250 250 
Coef of Ther Exp, 10-5 per °F 
hd 56s ba ohh weakenaniadee 0.31 — 1.1 
is hic d6ectasaisarskeosses 0.34 —_ _ 
Water Abs (24 hr), % 
os ic cv bideered¥eseannabe 1.0 0.09 1.0 66 
Se cc unk sede eee hima 0.6 0.06 0.70 61 
I is ee ie cian eee ee 0.4 0.03 0.35 36 
MECHANICAL PROPERTIES | 
Ten Str, 1000 psi 
RS oss igh wdewabepeueancees 37 _ 12 7.5 
ss asd evnkdascakhes 30 7 10 5.5 
Flex Str, 1000 psi 
ee 65 72 23 14 
ETC Pre Ee 50 63 20 12 
Compr Str (flatwise), 1000 psi............ 70 — 40 20 
Mod of Elast in Flex, 10° psi 
66540618 c0ceCnRvaereetas 17 — 15 
Ree eee: 15 13 
Impact Str (edgewise), ft Ib/in. 
Lengthwise. .. Serr 12.0 14.4 12 3.5 
Crosswise. OTT eT 9.0 | 10.6 10 2.9 
Hardness (Rockwell)................ M120 — M100 R50 
NN cs  cscneeceneccecwes’ 1700 | 2500 | 1000 1000 
ELECTRICAL PROPERTIES | | | 
Dielec Str (perp, short time), v/mil 
See Ws WEEE, voc cwasbcesee sds 350 | 810 650 175 
I sieticsunkiaevaiasiiness 260 | 570 | 500 | 150 
Dielec Str (par., step by step, 1% in. thick), kv | 
eh elas ods thnn bb oen se 32 | 55 60 | 
isis ccebseceneondes 12 60 33 | — 
Dissip Factor (10® cycles) 
Sr 0.016 0.0119 0.03 0.024 
Sol vee kwh bae es ede sacs 0.030 0.0126 0.06 0.030 
Dielec Const (10® cycles, cond A).......... 6.8 4.8 4.3 a“ 
Insulation Res (cond C96/35/90), meg.... 100 1 x 105 — — 
PATO TRUUPEIOMOD, BOG... gc ccc ccccccccccccs 200 17 100 | 100 
AIEE Insulation Class.................55. B B B — 





USES 


Switchboard panels, 
arc barriers and cir- 
cuit breaker parts, 
armature and slot 
wedges, structural 
parts, electrical ap- 
plications requiring 
high strength and arc 
resistance, high tem- 
perature applications 











Printed circuits; 
other applications 
where high insulation 
resistance and di- 
mensional stability, 
are required. 





Panel boards, slot 
wedges, spacers, coil 
blocking, layer insu- 
lation, core corner 
protectors, terminal 
plates, structural ap- 
plications 





Washers, terminal 
block covers, insu- 
lating plates and 
switch covers, arch 
supporters, bobbin 
and coil spool heads, 
arc barriers, shoe 
fiber, switch and 
appliance insulation, 
knee pads, golf club 
head plates, deep 
formed parts, trunks, 
cases, wastebaskets, 
mill boxes 
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Properties of 


Materials e 


High Pressure Laminates (Mechanical) 


PLASTICS AND RUBBER 





Grade » 


X 
(kraft paper- 
phenolic) 


(paper-plasticized 
phenolic) 


PC 
(paper-phenolic) 


ES 1,2,3 
(paper base)* 





PHYSICAL PROPERTIES 

Density, gm/cu cm 

Ther Cond, Btu/hr/sq ft 

Max Rec Svc Temp, F 
Short Time.. 
Continuous ~ 

Coef of Ther delle 105 per °F 
Lengthwise. . Sep 
Crosswise 

Water Absorption (24 hr), % 
) |. ee e 
Cs ow kias ee udeen bons 
Ne are 


oF /ft..... 


MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise 
Crosswise 
Flex Str, 1000 psi 
Lengthwise 
Crosswise 
Compr Str (flatwise), 1000 psi. 
Mod of Elast in Flex, 105 psi 
Lengthwise 
Crosswise............. 
Impact Str —" ft Ib/ in. 
Lengthwise. . rons 
Crosswise....... 
Hardness (Rockwell). 
Bond Strength, Ib. 
ELECTRICAL PROPERTIES 
Dielec Str (perp, short time), v/mil 
Yig In. Thick 
¥% In. Thick 
Dielec Str (par., step by step, % in. thick), kv 


Cond D48/50............ 
Dissip Factor (108 cycles) 


se a hice aa none «03 
Dielec Const (108 cycles, cond A).. 
Insulation Res (cond C96/35/90), meg. , 
Arc Resistance, sec 
AIEE Insulation Class. . 





USES 





10 
a 


Structural parts for 
radio, aircraft and 
electrical equipment 
and switchgear. Ter- 
minal boards or 
panels, insulating 
washers, bushings, 
coil forms, brush- 
holder bushings 





1.33 
0.17 


275 
250 


0.43 
0.68 


2.2 
1.5 


A 


Insulating washers, 
terminal boards, plug 
and socket bases, 
switch bases and 
panels for subassem - 
blies 





A 


Motor and generator 
terminal boards, in- 
sulating washers, ter- 
minal strips, switch 
bases and panels, 
staked terminal 


_ boards and strips 





A 


Engraved name- 


plates, signs 





aES-1 is melamine laminate; ES-2 is phenolic laminate; ES-3 has phenolic core, melamine base. 
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High Pressure Laminates (Mechanical) —concluded 








Grade » C 
(cotton canvas— 
phenolic) 
PHYSICAL PROPERTIES 
Density, gm/cucm........ 1.35 
Ther Cond, Btu/hr/sq ft/°F /ft 0.17 
Max Rec Svc Temp, F 
Short Time............ 275 
Continuous............ 225 
Coef of Ther Exp, 10° per °F 
Lengthwise..... ro re 0.58 
EE Gos iacvavesae 0.68 
Water Absorption (24 hr), % 
Vg In. Thick. ... 44 
Ye In. Thick... 2.5 
Y In. Thick.... 1.2 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise. .. 1] 
Crosswise. ... 9 
Flex Str, 1000 psi 
Lengthwise...... 22 
Crosswise. . 18 
Compr Str (flatwise), 1000 psi 37 
Mod of Elast in { lex, 10° psi 
Lengthwise. ... 10 
Crosswise..... 9 
Impact Str (edgewise), ft Ib/in. 
Lengthwise 2.3 
Crosswise. . 2.2 
Hardness (Rockwell) M103 
Bond Strength, Ib... 2000 
ELECTRICAL PROPERTIES 
Dielec Str (perp, short time), v/mil 
Yg In. Thick...... 500 
ee ee ee 360 
Dielec Str (par., step by step, % In. thick) kv 
ere 15 
Cond D 48/50. . . _ 
Dissip Factor (108 eles) 
Cond A.. are eee —_ 
Cond D 24/23... ecudetetevews — 
Dielec Const (108 cycles, cond A)...... 6.0 
Insulation Res (cond C96/35/90), meg. . - 
Arc Resistance, sec.........-..... a 10 
Mice Wmeween Class... 5... 5. ce cee ees A 


USES 














Gears and | pinions, 
cams, pulleys, bobbin 
heads, chemical pip- 
ing and fittings, 
bearings 








L MC 
(cotton linen— (cotton fabric— Bone Fibre 
phenolic) melamine) 
1.34 1.5 1.3 
0.17 0.17 0.17 
275 275 
225 225 221 
0.43 - — 
0.58 
2.0 2.2 55 
1.4 1.6 48 
0.8 1.0 25 
14 ll 8 
10 7 6 
23 23 15 
18 18 13 
35 45 30 
ll ~— 12 
. om 8 
1.3 0.9 3.0 
1.2 0.9 2.4 
M105 M115 R80 
1700 1900 
500 175 
360 150 
15 — 
0.055 — 
0.070 - 
5.8 _ _ 
10 100 100 
A _ aia 


“Small gears and 
pinions, parts requir- 
ing intricate machin- 
ing, breaker arms, 
| fairleads and knobs 





Plating barrel appli- 
cations; others re- 
quiring good resis- 
tance to caustics 





Gears, cams,” fair- 


leads, bushings, 
grommets, switch 
handles, terminal 
blocks, armature slot 
wedges, threaded 
and tapped pieces, 
sugar tips 
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Properties of Materials e 


PLASTICS AND RUBBER 


High Pressure Laminates (Electrical) 





Grade » 


XX 
(paper-phenolic) 


XXP 
| (paper-phenolic) 


XXX 
(paper-phenolic) 


XXXP 
(paper-plasticized 
phenolic) 


LE 
(cotton linen- 
phenolic) 





PHYSICAL PROPERTIES 
Density, gm/cucm........... 


Ther Cond, Btu/sq ft/hr/°F/ft.. ; 


Max Rec Svc _— F 
Short Time. . 

Continuous. . 7 

Coef of Ther Exp, 10-5 per. oF 
Lengthwise. . 

Crosswise. . .. 

Water Absorption, (24 hr), % 
(re s 
Irae | 
Y \In. Thick 





MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise. . 
Crosswise 
Flex Str, 1000 psi 
Lengthwise 
Crosswise 


Compr Str (flatwise), 1000 psi..... 


Mod of Elast in Flex, 105 psi 
Lengthwise............ 
Crosswise. . ' 

Impact Str (edgewise), ft- Ib in. 
Lengthwise. . en 
Crosswise Pe 

Hardness (Rockwell)............ 

Bond Strength, Ib. 














ELECTRICAL PROPERTIES 
Dielec Str ws short time), v/mil 
Yg In. Thick. . 
¥y In. Thick. . ov 
Dielec Str (par., step by step, Ye 
in. thick), kv 


Cond D48/50 
Dissip Factor (108 cycles) 


Cond D 24/23 


Dielec Const (108 cycles, cond A). . 


Insulation Res. (cond C96/35/90), 
megohms 

Arc Resistance, sec 

AIEE Insulation Class 


50 
10 


0.040 
0.046 
5.3 


60 
10 
A 








65 
15 


0.037 
0.045 
4.5 


500 
10 
a 





65 
15 


0.034 
0.038 
47 


1000 
10 
A 


1.32 
0.17 


275 
250 


0.58 
0.92 


0.40 


65 
33 


0.030 
0.035 
4.27 


20,000 
10 
A 


1.32 
0.17 


300 
250 


0.58 
0.80 


1.3 
0.8 
0.5 





0.048 
0.058 
5.3 


30 
10 
A 





USES 





Panels for switch- 
boards and instru- 
ments, switch and 
circuit breaker arms, 
terminal blocks for 
motors and trans- 
formers, coil forms 
for radio and tele- 
vision, brush holder 
bushings, bobbin 
heads and spools 





Condenser stator 
brackets, wave 
change switch 
rotors and stators, 
plug and _ socket 
bases, terminal 
boards and sub- 
panels, insulating 
washers 





Panels for radio and 
television equipment; 
jack spacers, radio 
coil forms, high volt- 
age switchgear 





Condenser stator 
brackets, wavechange 
switch rotors and 
stators, terminal 
boards and sub- 
panels, coil support 
bases 





Terminal blocks and 
strips, panels, high 
humidity applications 
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High Pressure Laminates (Electrical) —concluded 

















G-2 G-6 G-7 N-1 Electrical 
Grade » (glass cloth- (glass cloth (glass cloth- (nylon fabric Insulation 
phenolic) silicone) silicone) phenolic) Fibre 
PHYSICAL PROPERTIES 
Density, gm/cucm..... 1.68 1.15 1.15 
Ther Cond, Btu/sq ft/hr/°F /ft 0.17 :, 
Max Rec Svc Temp, F | 
Short Time. . 410 500 500 200 
Continuous. ..... 290 400 400 165 
Coef of Ther Exp, 10-5 per oF 
Lengthwise. . 0.31 
Crosswise........... 0.31 
Water Absorption (24 hr), % 
Yg In. Thick. 1.50 | 0.3 0.3 0.3 66 
Y% In. Thick 0.95 | 0.25 0.20 | 0.2 61 
Y% In. Thick 0.55 | 0.15 0.15 | 0.1 36 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise. . 500 250 400 600 175 
Crosswise 425 185 350 450 175 
Flex Str, 1000 psi 
Lengthwise. ... 30 50 55 | 62 
Crosswise. .... 10 45 30 | 55 - 
Compr Str (flatwise), 1000 psi | 
Mod of Elast in Flex, 105 psi 
Lengthwise. 0.025 0.0022 0.0015 0.024 
Crosswise 0.080 0.0227 0.0150 0.030 
Impact Str (Edgewise), ft- Ib /i in. 
notch | 
Lengthwise. . 5.5 4.18 3.9 3.3 
Crosswise 5000 4000 2500 5 x 104 
Hardness (Rockwell) M220 M220 — M100 
Bond Strength, Ib B H H a A 
ELECTRICAL PROPERTIES | 
Dielec Str (perp, short time), v/mil 
Yg In. Thick 16 13 23 8.5 75 
Ye In. Thick... ll 10 18 8 5.5 
Dielec Str (par., step by step, % 
in. thick), kv ; 30 23 44 18 — 
Cond A.. 20 19 37 15 
Cond D48/50. . hace ca-ai 38 40 45 — 32 
Dissip Factor (106 cytes) | 
Cond A.. TTY 13 — 14 6 
Cond D 24/ 23. ia 10 — 12 | 5 - 
Dielec Const (108 cycles, cond A). 6.6 15.1 | 12.1 | 3.7 
Insulation Res (cond C96/35/90), 
as viiids 4- odad uecive, 4.] 9.5 9.6 3.3 
Arc Resistance, sec. eked 110 95 100 105 
AIEE Insulation Class. FRY ELS F 1400 1000 800 1200 — 


USES 











Class B insulation 
other applications | 
where good temp- 
erature resistance is | 
required but mechan- 
ical properties are 
not critical 


Insulation applica- | 
_ parts; Class H trans- 
formers; low loss, | wave change switch 


tions where high 
temperature resist- 
ance, arc resistance 


and low losses are 


needed, such as 


| Class H transformers | 


‘High voltage appli- 
radio 


Radio transmitter | 


cations; 


high frequency radio | stators and rotors, 
and radar insula- | where low losses are 
tors; motor slot | critical; electrical 
wedges; slot liners; | insulating parts that | 
| top sticks 











Armature slot insula- 
tion, armature end 
laminations, field coil 
insulation, metal box 
liners, washers, arc 
shields, formed slot 
wedges, gaskets, 





| must be postformed | specialties 
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Properties of Materials 


Rubber 


PLASTICS AND RUBBER 





Butadiene- 
Styrene 
(GR-S) 


Natural 
Rubber 


Butadiene- 
Acrylonitrile 
(nitrile) 


Chioroprene 
(neoprene) 


Butyl 
(isobuty lene- 
isoprene) 





PHYSICAL PROPERTIES 
i) ae : 
Ther Cond, Btu/hr/sq ft/°F /ft 
Electrical Insulation 
Flame Resistance. .. 


MECHANICAL PROPERTIES 
Ten Str, psi 
le ee 
a 
Elongation, % 
Pure Gum...... 


Hardness (durometer) 


Rec Min Svc Temp, F........ ince 


Rec Max Svc Temp, F 
Coef of Ther Exp (cubical), 10-5 per °F 
Rebound 

seid Sane aba ees 


NE eg a a ce 


Tear Resistance........... 
Abrasion Resistance 





CHEMICAL RESISTANCE 
Sunlight Aging 
ds Sava sdacees 
_ 
Solvents 

Aliphatic Hydrocarbons. . . 
Aromatic Hydrocarbons 


Oxygenated, Alcohols. ... ‘es | 3 


Oil, Gasoline.............. 
Animal, Vegetable Oils... .. 
Acids 
NS i xs odes 
Concentrated. . . 
Permeability to Gases. . 


USES 


Water Swell Resistance ............. 





0.94 
0.143 
Good 
Poor 


2500-3500 
3500-4500 


200-300 
2500-3500 


750-850 
550-650 
A30-A90 


400-600 
500-600 
A40-A90 
-60 ~60 

180 180 
37 37 


Good 
Good 


Excellent 
Excellent 
Excellent Fair 

Excelient Good to excellent 


Poor 
Good 
Very good 


Poor 
Good 
Good 


Poor 
Poor 
Good 
Poor 
Poor to good 


Poor 
Poor 
Good 
Poor 
Poor to good 


Fair to good 
Fair to good 
Fair 
Fair 


Fair to good 
Fair to good 
Fair 
Excellent 


| 


Pneumatic tires and tubes; power trans- 
mission belts and conveyor belts; gas- 
kets; mountings; hose; chemical tank 
linings; printing press platens; sound 
or shock absorption; seals against air, 
moisture, sound and dirt 





L 





1.00 
0.143 
Poor 
Poor 


500-900 
3000-4500 


450-700 
450-650 
A40-A95 
0 
250 
39 


Good 
Good 
Good 
Good 


Poor 
Good 
Excellent 


Excellent 
Good 
Poor 

Excellent 

Excellent 


Good 

Good 

Fair 
Excellent 


Carburetor dia- 
phragms, self- 
sealing fuel tanks, 
aircraft hose, gas- 
kets, gasoline and 
oil hose, cables, 
machinery mount- 
ings, printing rolls 








3000-4000 
3000-4000 


800-900 
500-600 
A40-A95 
40 
240 
34 


Very good 

Very good 

Fair to good 
Good 


Very good 
Excellent 
Excellent 


Good 
Fair 
Poor 

Good 

Good 


Excellent 
Good 
Low 
Fair 


Flexible petroleum 
tubes and hoses, 
petroleum and 
chemical tank lin- 
ings; electrical 
insulation in con- 
tact with oil, flash- 
light cases, elec- 
trical sockets, 
special truck tires 











0.90 
0.053 
Good 
Poor 


2500-3000 
2500-3000 


750-950 

650-850 

A40-A75 
0 


91 
“i 


32 


Bad 
Very good 
Good 
Fair 


Very good 
Very good 
Excellent 


Poor 
Poor 
Good 
Poor 
Excellent 


Excellent 
Excellent 
Very low 
Excellent 


Truckand automo- 
bile tire inner 
tubes, airing bags 
for tire vulcaniza- 
tion and molding, 
steam hose and 
diaphragms, flex- 
ible electrical 
insulation 
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Rubber—concluded 














Type »> Polysulfide Silicone Urethane Fluorinated Acrylic 
(Thiokol) |  (polysiloxane) (diisocyanate (dihydroperfluoro- 
polyester) butylacrylate) 
PHYSICAL PROPERTIES 
MUI, chbewecdccvarvess j 1.35 1.25 1.25 1.5 
Ther Cond, Btu/hr/sq ft/°F /ft.. 67 _ — 
Electrical Insulation........... Fair | Good Good Good 
ee Poor | Fair Good | Good 
MECHANICAL PROPERTIES | 
Ten Str, psi | 

Pure Gum...... > 1000 | 600-1000 | > 5000 1200 

Black (A ee? — | — | _- 
Elongation, % | 

| ee 450-650 60-400 540-750 300 

SN ci dncicack SPOT T | — | — 300 
Hardness (durometer)......... A40-A85 | A40-A85 | A35-A100 A55 
Min Rec Svc Temp, F............ - 60 | 120 — 65 0 
Max Rec Svc Temp, F............... +250 +550 +240 +450 
Coef of Ther Exp (cubical), 10-5 per °F _ 67 | | - 
Rebound | | 

eee Good Excellent Bad | -- 

MA La as dwashalse Good Excellent Good - 
Tear Resistance. ....... Poor Poor | Good Poor 
Abrasion Resistance............. Poor Poor Excellent Poor 

CHEMICAL RESISTANCE | 
Sunlight Aging....... Very good Excellent | Excellent Good 
Oxidation eee ics Very good Very good Very good | Good 
Heat Aging. ... Fair Outstanding Excellent* Good 
Solvents 

Aliphatic Hydrocarbons. Excellent Poor Excellent Excellent 

Aromatic Hydrocarbons Excellent Poor Excellent» Excellent 
Oxygenated, Alcohols. .... Very good | Fair Poor Good 
Oil, Gasoline......... Excellent Fair Excellent | Excellent 
Animal, Vegetable Oils Excellent Excellent Excellent Excellent 
Acids | | | 

Seer Good | Excellent | Fair | Excellent: 

Concentrated....... Good Fair Poor Excellent 
Permeability to Gases... Extremely low | Fair | Excellent Fair 

Excellent Excellent Excellent Poor 


Water Swell Resistance... 


USES 





Seals, gaskets, dia- 
phragms, valve seat 
disks, flexible mount- | 
ings, hose in contact | 
with solvents, bal- 
loons, boats, life 
vests and rafts 


ing, 
vibration mountings, 
rollers, insulators, 
valve seats and clo- 
sures 





Wire and cable cov- 
ering, gaskets, tub- 


} 
| 
| 
| 


Fork lift truck 
| wheels, airplane tail 
diaphragms, | wheels, -back-up 

wheels for turbine 

blade grinders, spin- 
ning cots for glass 
fiber, hydraulic accu- | phates and carbon 
| mulators, shoe heels | tetrachloride 





O-rings; V-rings; 
diaphragms; special 
applications involv- 
ing contact with 
halogenated sol- 


vents, organic phos- 





aDiscolors, but no change in properties. 
bFor up to 80% aromatics. 





cTo diesters, 450 F. 
4To fire resistant hydraulic fluids, 450 F. 
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Properties of Materials 


Hard Rubber 


PLASTICS AND RUBBER 





Molded Parts* 





GP 7 HHt | H Ar 


H DQ 


Ar Ht Wr, 


H Ht, 
| th 


Ht Ma 





PHYSICAL PROPERTIES” 
Spec Grav. . 
Water Abs (24 hr), % 


MECHANICAL. PROPERTIES. 
Se 
Elong (in 2 in.), % 

Hardness (Rockwell). . 

Hardness (durometer)... 
Impact Str (Izod notched), ft- Ib/i in. 
Flex Str, 1000 psi.. cs 
Heat Dist Temp, F 


ELECTRICAL PROPERTIES 
Dielec Str (60 Cycles), v/mil....... 
Dielec Conste 
Dissip Factor 
Surface Res (74 F, 86% RH), meg... 








1.28 
0.14 
Black 


4.5 
3.40 
B129-79 
78-84 
0.45 
7.1 
134 


344 
3.80 
1.2 
>108 





1.54 
0.30 
Black 


2 
2.00 
B103-27 
76-82 
0.27 
2.8 
Low 


377 
4.95 
2.8 
5.08 x 10° 





165 | 
0.06 | 


Red- iamue | Red- aroun Red-brown 


2.60 
B83-60 | 
85-92 
0.35 
87 | 
283 | 


| 

393 
4.10 

* 

5.32 x 105 | 


1.95 
0.06 


] 00 
B65-41 
87-95 

0.32 

8.4 

300 


600 
4.80 
2.5 


1.71 


| 
| 
| 0.10 


6.75 | 


Bey 59 
86-92 
0.38 
9.1 
246 


371 
4.60 
1.2 


1.24 
0.12 
Black 


| 

| 

7 7.17 

| 2.70 

| B115-85 

| 84-90 
0.41 
11.3 
275 


400 
3.50 
1.6 


1.80 
| 0.04 
| Black 


5.4 
1.80 
B82-54 
84-92 
0.34 
10 
295 


420 
4.10 
1.8 





4.46 x 104 | 2.0 x 108 | 8.02 x10 








Sheets* 


H Ht 


H Ht, 
Ch 


St Fi, | 
HDdQ | 


Rods and Tubes® 


EI 


H Ht, 
Ch 


| StFi, 
H DQ 





PHYSICAL PROPERTIES» 
Spec Grav. . 
Water Abs ea hr), . 
Color. . ; 


MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
2S eee 
Hardness (Rockwell) 
Hardness (durometer)... 


Impact Str (1zod notched), ft- -Ib/in.. 


Flex Str, 1000 psi 
Heat Dist Temp, F 


9.3 
5.00 
112-79 
80-86 
0.48 
16.6 
159 





ELECTRICAL PROPERTIES 
Dielec Str (60 Cycles), v/mil 
aig Cad ka 05.90 
Dissip Factor 


Surface Res (74 F, 86% RH), meg. ... 





487 

2.95 

0.5 
2.23 x 10’ 





1.43 
0.15 
Black 





> 108 


| 
| 
| 
| 





1.24 
0.12 
Black 


2.0 x 103 





1.27 
0.08 
Yellow- | 
brown 


7.45 
5.30 | 
112-80 
80-86 
0.50 
14.95 
150 


415 
3.70 
0.6 





7.98 x 104 


1.21 
0.06 
Black 


1.15 
0.12 
Black 


3.6 
16.00 


65. 75 
0.48 


Low 


512 
3.15 

1.4 
> 10* 


1.24 
0.12 
Black 


| 

| 27 
2.70 

| 118-8 

| 

id 


11.3 
275 


400 
| 3.50 
| 1.6 

2.0 x 103 


1.27 
0.07 
| Yellow 
brown 


| 65 

3.80 
| 112-80 
80-86 
0.52 
9.06 
217 





6.73 x 104 





aGP = general purpose, H = high, HT = heat resistance, Ar = are resistance, Wr = wear resistance, DQ = dielectric quality, Ch = 
chemical resistance, MA = low moisture absorption, E] = elongation, St = strength, Fl = flow resistance. These designations are 


arbitrary abbreviations of principal properties and are not standard. 


bHard rubber in general has a thermal coefficient of linear expansion of 0.00004 per °F. 


cFrequency: 1 ke-l me. 
dSemihard. 
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Flexible Foams 





LATEX 

Density, Ib/cu ft...... 6.0-7.0 
Ther Cond, Btu/hr/sq ft/°F /ft.... .0.021-0.025 
Tensile Strength, psi .. 10-20 
gS Serer ee 160 
Flammability......... Burns 
Tear Strength, Ib/in.. eS 
Resilience, %...... . 64 
Sv ceca daucs cad 7 
Elongation, %......... .380 
Compression Loss, % 

AEE Sa 13.0 

0 15.0 
Compression Set, % 

rn re 4.6 

) . i ls Se Je 
Hysteresis Loss,%..... . 23.2 
RMA Compression, |b ... 30.0 





POLYETHYLENE (Cellular) * 





Tensile Strength......... ... 670 
Sees ve wisikais d¥¥ 084d cael 310 
re 0.47 
Dielectric Strength, v/mil 

a ekdguaebun 220 

ee ore ee 190 
Dissipation Factor 

1000 Cycles.............. 0.00033 

Ee 0.00038 
Dielectric Constant 

osc sceeckanbivtaeeeeus 1.48 

10,000 Cycles........... eevieaen 1.49 





aWire insulation for No. 14 AWG (0.250- 
in. o. d.). Wire insulation is the primary 
use of cellular polyethylene at present. 


VINYL (Open Cell) 





Density, Ib/cu ft................... 4 and up 
Heat Sealability................. Excellent 
Tensile Strength, psi................10-200 
INT. 2... oth dice ap sduviean 75-300 
Flammability............. .Self-extinguishing 
Indentation Load 
Deflection (25% def) 
Original, Ib/50 sqin................. 3-500 
After Aging, % chg*................ +20 
Compression Set (max, 2 
5k ee oe eee 15 
Set after Dynamic Flexing 
(max, 250,000 cycles),%................ 10 
Chemical Resistance> 
cs vey conse abeed event E 
x ccbeisccevekbeded Soanves E 
I 2) sc 30 ele Sad aWe a G 
Organic Solvents.................... PtoE 
ECE a has pc igenesa Shteeareceaed E 
Ds i cacatene ess dsgicenaden E 
tikiivcac sien sandaiankes te G 





“Air oven aging 22 hr, 212 F. 
bE = excellent; G = good; P = poor. 


SYNTHETIC RUBBERS 


























Butadiene- Butadiene- 
Type » Neoprene | Styrene (GR-S) Acrylonitrile 
Density, Ib/cu ft.......... 10-30 4.5 10-25 
Ther Cond, Btu/hr/sq ft/°F/ft 0.021-0.029 0.018 0.021-0.025 
Tensile Strength, psi... . 20-100 80 40 
Max Rec Svc Temp, F.............. 180 160 210 
URETHANES 
Density » 1 | 24 6-8 | 10-12 | 16-20 
Yid Str (0.2% offset), psi..... 2.5 4-20 | 50-75 200 - 
Compr Str (50% defl), psi. ... 5 | 948 78-150 | 200-380 | 
Coef of Ther Exp ( —22 to 86 F) | 
BE We sisskxseesecn de : 1.4 | _ | — 5 
Ther Insulation Coef (K)...... 0.20 0.20-0.21 | 0.22-0.23 | 0.26 0.28-0.30 
Water Absorption, Ib/cu ft. | 
re 28 22.8-24 | 2-4 
120 hr at 50% RH.......... 0.005  {0.006-0.027 0.067-0.084 
120 hr at 98% RH.......... 0.38 0.38-0.39 | — 0.359-0.560 
Dielec Const (10°) Cycles. .... - 2.2-2.3 | | 2 2.70-2.85 
Vol Res, 10 ohm-cm......... 6.8-6.9 7.2 7.7-8.3 
Sound Absorption Coef 
Ee 0.73 0.20 0.22 — 
RS po000ss0r0cnned 0.33 0.22 0.21 _ 
ee 0.37 0.20 0.31 
Bond Str, psi | | 
Gs 60s cesecsccaes 6 10-27 | - | 56 158 
 PVSTET ET Peter rs. 5 9-25 50 142 
ye ieee 7 12-29 62 146 
ee 8 | 17-29 | 62 170 
Flame Res.» 
re errr Ts I io os ns ccavasweseseds 
Ee iicscneidpekeenindisndeewene Self-extinguishing.................. 
REG Wn cc ca nutesacdacctaccncobacawences RE oo 
Heat Dist Temp (5 psi flex, 
SE rey rr ere rrr 130 


Chemical Resistance.......... 





acids and alkalis 

















aDensity in Ib per cu ft. 


bFederal Bldg Spec SSA118A. 
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Properties of Materials e PLASTICS AND RUBBER 


Foamed-in-Place Foams 


EPOXIES, PHENOLICS AND URETHANES 





Epoxy Phenolic | Urethane 
Type and Density* » seater al | Tenenemeel uae _— 
25-28 2-5 110 | 05-5 6-9 12-15 | 





18-25 





 hiiateninsrewrinrycewwes 











Le fee A eee 


Flex Str, psi.. 
Shear Str, psi... 


Ther Cond, Btu, /ht/sq {t/°F At. 
Coef of Ther Exp, 10-5, per °F.. 


Mod of Elast in Tension, ae ebats | . 
a Ss cca caacndvisens 


Water Abs (wt), % 


Max Rec Svc Temp, F. 


Flammability 


Impact Str (unnotched), in.-Ib............ 


Dissip Factor 
Vol Res, ohm-cm 
Dielec Str, v/mil 
Dielec Const 





1000 
900 


4.0 


0.01-0.03 


2.0-6.0 


9-31 


45-130 


5-30 


150-225 


350-600 | 800-1200 


4-35 
24-40 
8-30 


35-75 
75-230 
40-135 

0.023 


13-51 
1-4 

lf, ] 
- 300° 





| 


Nonflammable 


0.015 
1013 
300 
1.9 





10-50 
2-50 
| 0.02-0.03 


150-250 305-400 | 450-1000 
180-250 a >250 
0.02-0.03 | 0.02-0.03 


4.4 


50-120 
0.02-0.03 
2.9 








| 
is | os | 
| 
| 





0.002 


0.001 














aDensity in Ib per cu ft. 


SILICONES 


bFor intermittent exposure: 550 F. 





Density* =» 


12> 





Compr Str (orig), psi. . 


Compr Str (after 
aging), psi° 
77 F, 200 hr 
500 F, 1% hr 
500 F, 200 hr.... 


Weight Loss During 


Expansion, % 
Weight Loss After 
Heating, % 


1000 hr, 570 F 
72 hr, 700F...... 


Water Abs (24 hr), %.. 
Heat Dist Temp, F.... 
Flammability......... 


Dielec Const 
(10° cycles) 

Dissip Factor 
(105 cycles) 

Ther Cond, Btu/hr/sq 
ft 





100 


100 
) 
20 


No burn 
1.23 
0.0004 
0.025 





No burn 


1.25 
0.0010 
0.025 


2 





aDensity in lb per cu ft. 


bExpanded at 320 F. 
ceTested at 500 F. 
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POLYSTYRENES 





Density* » 





30-50 | 55-75 
15-20 | 25-35 
60-90 


Ten Str, psi.. 
Compr Str (5% offset), psi. 
Flex Str, psi .| Flexible | 
Impact Str (unnotched), 

in.-Ib/in.». .| 2.0-2.5 
Ther Cond, Btu/hr/sq ft/ 
0.0183 
185 


0.0188 


Max Rec Svc Temp, F 185 





| 2.3-2.8 


120-130 
90-100 
280-310 


| 90-110 
| 60-70 
130-160 | 


110-120 
70-80 
200-230 


| 65-85 
40-50 
| 90-120 

25:30 30-35 | 43-48 5.0-5.5 
0.0225 


185 


0.0203 
185 


0.0215 


185 185 








| 
0.0192 | 





Density 2-10° 


Density 4-6* 





cea. danse sdb >0.0005 
Loss Factor 
Vol Res, 107 megohm-cm... . 
Surface Res, 10 megohms............ 
Dielec Str, v/mil 

Short time 

Step by Step 


“35381 
> 9.8 





Dielec Const (73 F, 50% RH) 
RS ie oe 1.19 
SR a cee e ceeu Chdtvisdsivee te 1.02 

Dielec Const (48 hr, 122 F) 
I Ore ee re 1.24 
ss a6 cnn ah vad iene valores 1.05 

Dielec Const (96 hr, 95 F, 96% RH) 
SEE, vv ccccnnoededdtiedetevary 1.24 
Ce 1 3 1.05 





aDensity in lb per in. ft. 
bl-in. wide specimen. 
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Prefoamed Foams 


POLYSTYRENES AND CELLULOSE ACETATE 





























Polystyrene Celluiose Acetate (cellular) 
Type and Density* » — ‘onan ———— - ———_——————_- 
1.3 1.6 | 2.0 3.0-4.2 6-7 | 7-8 
| re 10-20 15-25 25-35 50-140 197 | 235 
, 0 re 30-45 | 50-70 80-100 105-185 158 | 183 
kiosk fnedaencee ses 15-25 | 25-35° | 35-45 55-95 140 185 
cece viedacsiestsaee >32 | — — <170 | 147 177 
Compr Mod, 1000 psi................. 0.45-1.1 | 0.75-1.35 | 1.15-1.75 1.7-5.3 7.0 | 13.5 
Bending Mod, 1000 psi...............] 0.20-0.75 | 0.65-12 | 1.2-1.9 : $5 -- 
xa ea Gann bed Kkwaee ces 05-12 | 1.1-18 2.1-2.7 0.01 1.15 
EE ee eee er Self-extinguishing types available 49 4.2 
Ther Cond, Btu/Rr/sq f0/°F FE... bocce ces cece cccecs 0.020-0.024 0.026 0.027 
CE i eee le ARS oC 
EE ee = |S ~ 
Max Rec Svc Temp, F............. y See 0 re + ee aren i ee 
ae er cee coe n} ated ie 5: ee Seer 
CT Sos» sas Bandas MERE ocho wk) yale acne 1.5-3.0..... — 
ee. eS rE <1.07.. a4 cs 04 ¢00seeseenbe 
EC re are BE ee ee ea < 0.0004. Do rere 
sDensity in Ib per cu ft. bAbsorption in lb per cu ft at 50 and 100% RH, respectively. 
UREA EPOXIES AND MIXED COPOLYMER 
Density, Ib/cu ft............ ... 0.8-1.2 
Compr Yid Str, psi.................... .200 hi Expanded cc. ee 
Ther Cond, Btu/hr/sq ft/°F/ft.... .0.015-0.018 Type and Density » a | 
Max Rec Svc Temp, F.................. 200 Copolymer” | 10 ” * 
Compr YidiStr, psi.......... 45-90 340 | 1200 6000 
lah aa 120-350 320 | 1100 sl 
, } 8 eae _ | 4500 
Compr Mod, 1000 psi......... - ll | 82 — 
SILICONE Bending Mod, 1000 psi...... ‘116 : | — 
Ther Cond, Btu/hr/sq ft/°F/ft | 0.022-0.029 | 0.020 0.054 
RE ere Peer 168 Coef of Ther Exp, 10-5 per °F..} 3.4-4.0 2.2 ~ 1.6 
Ther Cond, Btu/hr/sq ft/°F/ft.......... 0.025 Max Rec Svc Temp, F........ _ 300 300 350 
Water Abs (vol), %...............ee eee. 2.1 Water Abs (Vol), %.......... 0.05-0.10 0.25 0.1 0.09 
EE ree eee 1.26 Dielec Const....... cccanee 1.14-1.18 . 1.18 1.47 1.9 
eee hha oe OEE 0.00105 Dissip Factor....... 0.14-0.18 0.0004 | 0.003 0.009 
se Nonflammable 9 ea RGN 
Heat Dist Temp F... haebhiensscdanalaieg >700 SBigrene-cerytonitrile resin and butadiene-acrylonitrile rubber. 
Compr Str (orig), pSi....................325 
Compr Str (after aging), psi 
SE BP a 210 
RE ae 70 
SEL ee 80 
Weight Loss During Expan- 
SELES Se Fo 
Weight Loss After Heating, % 
_ __ ft RE errrerrr rere 2.6 
ad ceased l sen sd 4.2 
UE Ns euske «4 Skwnn 600444000 + the 5.2 





aExpanded at $20 F. 
bTested at 500 F. 
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Always a 
dependable Source! 


stocks in depth 


PLASTIC SHEETS, 
RODS, TUBES, etc., for 
IMMEDIATE DELIVERY 
from eta NEW YORK 
NEWARK 
PITTSBURGH 
and MIAMI 


Warehouses! 





Yew 64-page Catalog 
and Price Schedule 


D Yours...on megucst! 


Catalog lists complete specifications, dimensions, 
colors and prices of industrial and decorative 
plastic sheets, rods, tubes, etc. — either cast, ex- 
truded, molded or laminated. Plastic coatings and 
fabrication supplies are also included. 


<1<1<1<1<]<1<[< 
<1 <1<1<1<] <I] <1] < 
AI<1<1<i<1<1<1<]< 


Commercial Plastics and Supply Corp. 
630 Broadway, New York 12, N. Y. 
Gentlemen: 


O 
O 


Please send the following... 
(1 64-pg. Catalog & Price Schedule ‘Plastics for Industry” 
00 “Sq. Ft. Converter Chart’ for sheets up to 67°’ x 102” 
C) “Plastics Properties Chart’’ 


Name 





Address 





Company 





| 
i> deen. db a tee ee a 


_\» COMMERCIAL 


Peres Meet Reem ae GRamercy 7-5000 PLASTICS AND SUPPLY CORP. 
630 BROADWAY, NEW YORK 12, N.Y. 


Branch Warehouses: Newark, N. J., 170 Malverne St. « Pittsburgh, Pa., 119-9th St. « Miami, Fla., 3801 N.W. 2nd Ave. 


For more information, turn to Reader Service card, circle No. 461 
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Properties of Materials 


Nonmetallics 
(except Plastics and Rubber) 


CONTENTS 


Carbon and Graphite 
Carbides 


Whiteware Ceramics (Industrial) 


Refractory Oxides 
Mechanical Felts 
Natural Fibers 
Synthetic Fibers 
Mineral Fibers 
Woods (American) 
Glass (Industrial) 
Advertisements 


Suppliers’ Literature 











Properties of Materials « 


Carbon and Graphite 


OTHER NONMETALLICS 





Material » 


Carbon 


Graphite 





PHYSICAL PROPERTIES 
ee eee 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft...... 
Coef of Ther Exp (70-212 F), per °F 
Specific Heat (100 F), Btu/Ib/°F..... 


MECHANICAL PROPERTIES 
Mod of Elasticity in Tension, psi 
Tensile Strength, psi 
Compressive Strength, psi..... 


Flexural Strength, psi.................. 


Hardness (Scleroscope)....... 


ELECTRICAL PROPERTIES 
Electrical Resistivity (68 F), microhm-cm 
Contact Resistance, ohms/sq in. 
Against Carbon ee 
Against Copper........ 
Against Brass 
Against Aluminum 
Against Graphite 
Against Steel 





FABRICATING PROPERTIES 





CHEMICAL RESISTANCE _ 


93.3-102.0 
3-5 
1.3-1.5 x 106 
0.18 


1.6-2.3 x 106 
900-1100 
6300-9000 
2500-3000 


93.3-102.0 
70-86 
1.0-1.3 x 10 
0.18 


0.8-1.4 x 108 
440-2000 
1700-7500 
800-4000 





60-90 20-45 


3500-4600 | 


| 
| 


0.0058, 0.0026, 0.0017" | — 

0.0133, 0.0093, 0.0042 | 0.000704, 0.000315, 0.000162, 0.0000555" 
0.038, 0.012, 0.0052 0.00092, 0.000214, 0.000109¢ 
0.138, 0.078, 0.015* 0.0448, 0.0067, 0.0020¢ 

— 0.000473, 0.000175, 0.000064, 0.000031 » 

— 0.01309, 0.00438, 0.00177, 0.000737» 
Powdered material mixed with binder and shaped by molding under 
pressure or by extrusion, then baked above 1800 F 


800-1300 





Carbon begins to oxidize in air at approximately 630 F and graphite 
at approximately 810 F, although the rate of oxidation is not rapid 
even at high temperatures. With a steam or a carbon dioxide 
atmosphere, temperature can be raised above a red heat before 
excessive oxidation occurs. Alkalis in solution do not attack these 
materials but fused hydroxides and carbonates attack them at 
high temperatures. They are not attacked by dilute acids, including 
hydrofluoric, but strongly oxidizing chemicals will attack them 
Mechanical: sealing rings, pump and valve parts, bearings, pistons, 
and piston rings. Electrical: battery carbons, contacts, welding 
carbons, anodes, brushes for electrical machines. Refractory: 
linings, molds, continuous casting dies, furnace boats.. Chemical: 
pipe, pumps, fittings, heat exchangers, valves, towers and acces- 
sories, porous filtering media 





aPressures of 5, 25 and 75 psi, respectively. 


bPressures of 25, 150, 400 and 1000 psi, respectively. 
ePressures of 25, 150 and 400 psi, respectively. 
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Carbides 












Beryllium Titanium Silicon Columbium | Tantalum 
Type »> Carbide Carbide Carbide Carbide Carbide 
(Bec) | ic) | (ic) (CbC) (TaC) 
Hardness (mohs).......... 94 8.9 | 9.2 | 9-10 | 94 
Electrical Resistivity, ohm-cm* 1.1 1.05 x 10-4 107-200 «=| «674x105 2x 10° 
Ther Cond (68-795 F), 

Btu/hr/sq ft/°F /ft. Terres 12.1 9.94 24.1 8.238 12.88 
Coef of Ther Exp (77-1472 F), per °F 5.8 x 10-6 4.1 x 106 2.6 x 10-6 46x 106 
Compressive Strength, psi*........ 105,000 | — 109,000 82,000 | | 
Modulus of Rupture, psi*..... 16,000 | 4000 


Thermal Shock Resistance (air 
quenched), cycles at designated 
temperature range (F)...... 

Fabrication Methods 





| 

| 

4 at 2000-1470 | — 

Hot pressing, | Hot pressing, 
steel die press- 
ing and sinter- | ing and sinter- 


steel die press- | 


| 100 at 2500-77 


Hot pressing, 
steel die press- 
ing and sinter- 


| ing, extrusion | 


Hot pressing, | Hot pressing, 
steel die press- | steel die press- 


ing and sinter- 


| 











ing and sinter- 


















ing, hydrostatic | ing ing ing 
pressing and | and sintering, | 
sintering | slip casting | | 
Boron Tungsten Tungsten Vanadium Zirconium 
Type » Carbide | Carbide Carbide Carbide Carbide 6 : 
(B.C) | (W.C(2)) (WC) (VC) (2rC) Nonmetalli 
Hardness (mohs) 9.3 9-10 94 | 9-10 | 8-9 
Electrical Resistivity, ohm-cm 0.30-0.80 8.1 x 105 1.2 x 105 156x104 | 634x105 
Ther Cond (68-795 F), 
Btu/hr/sq ft/°F/ft.... 16.9-48.4 11.9 
Coef of Ther Exp (77-1472 F), per °F 25xl0® | 33x10 3.4 x 106 | 37x 10° 
Compressive Strength, psi* 414,000 89,000 238,000 
Modulus of Rupture, psi* 44 000 


Thermal Shock Resistance (air 
quenched), cycles at designated 
temperature range (F) 

Fabrication Methods... 





Y% at 1830-86 

Hot pressing, | Hot pressing 
extrusion and | 

sintering 


| 


Hot pressing, 
steel die press- 
ing and sinter- 


| ing 


Hot pressing 



















Hot pressing, 
steel die press- 
ing and sinter- 
ing 





aRoom temperature. 
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Whiteware Ceramics (Industrial) 


Properties of Materials ¢ OTHER NONMETALLICS 






























































HEAT RESISTANCE 
ee 2012-3002 





























USES Spark plugs, electronic 
equipment, certain re- 
fractory applications, 
high-frequency equip- 
ment, vacuum tube enve- 
lopes, metallizing appli- 
cations 



















Aircraft firewall connec- 

tors, appliance coil sup- 

ports and terminal blocks, 
automotive heater cores, 
hot point insulators, braz- 
ing fixture parts, foundry 
parts, fuel burner tips, 
thermostat controls 








Type »> Alumina Cordierite Forsterite 
PHYSICAL PROPERTIES 
Specific Gravity. . seal 3.2-3.8 2.29-2.65 2.9 
Ther Cond, Btu/hr/sq ft/°F/ Mt. ins 9.7-14.0 | 0.97-2.40 1.94-2.40 
Coef of Ther Exp, per °F 
vo A 2.77-3.66 x 106 2.08 x 10 4.72 x 106 
RB i id wy ash s oes cas 3.61-4.05 x 10-6 1.68 x 10-6 5.40 x 10-6 
Thermal Shock Resistance.................. Good | Good Moderate 
ES NE , 1472- >1832 1436 680 > 1832 
Temp Coef of Capacitance Chg> 7 ee — 420 — 
Water Absorption, %............... —. 0.00-0.01 0.02-3.2 0.00-0.02 
Gas Permeability......... SRY Se, Soegrc ee: RENEE Gas- densi 0.010 in. thick — Gas-tight 0.010 in. thick 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............... 35-41 x 106 7 x 106 — 
Mod of Rupture, psi...................... 40-48 x 106 6.8 x 106 19.0 x 108 
Tensile Strength, 1000 psi................. 20-35 3.0 10.0 
a irc cceevereriedt 8.5-9.0 7 Ss 
Impact _— (Charpy), i in.-Ib 
¥%, In. Dia. . a FOE MERE _ 7.4 75 
Y, In. Dia. . movinyrn 6.3-7.0 | 4.4 2.4-4.0 
Flexural Strength, 1000 psi S cipedmaas 40-62 | 15 20 
Compressive Strength, 1000 psi. eS 140-420 | 52-95 80-85 
Transverse Strength, 1000 psi... bakasrads 30-45 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohms/cu cm 
adc ieis h.one cuss) 1.0-10 x 10" >10" > 104 
ol Ee evenccs 3.4-20 x 10? 5.0 x 10% 
ae Geko vec de ox as 1.4-60 x 10'° 7.0 x 10" 
ee a ty «hike 1.0-10 x 108 1.2 x 10 
1292 F.. Pius. boa River 3.0-180 x 106 1.0 x 108 
1652 F.. er 4.0-600 x 105 3.0 x 108 
Dielectric Strength, V ‘mil. pres pei 250-850 140-230 250 
Dielectric Constant 
i a he — 6.3 
SS Ee or 7.8-9.5 4.02-6.23 6.2-6.5 
ae cies ae — ; 6.1 
EE ee ee 8.0-9.4 5.8 
Dissipation Factor 
hat Lc anaes ce chet anode — 0.0014 
ES gee P 0.0003-0.0010 0.0010 -0.00930 0.0002-0.0004 
Si EL PERLE ESP Ct. — 0.0003 
10,000 Mc....... Dileep’ 0.0008-0.0014 0.0010 
Loss Factor 
es ec uk ee cee, oC, — — 0.009 
Ee cat dn had cdgendvesdssasehses 0.0027-0.0078 0.0297-0.0579 0.001-0.002 
RE ea See — 0.002 
Smt 6 be kes ee ee eee 0.0075-0.0130 0.0058 


Very low loss insulators, 
ceramic-to-metal seals 
(close tolerances obtain- 
able by grinding) 









077-185 F, parts per million. 
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aTe value is the temperature at which a cubic centimeter of the material has a resistance of 1 megohm. 





Whiteware Ceramics (Industrial) —concluded 











Type =» Standard Electrical Steatite Zircon 
PHYSICAL PROPERTIES 
Specific Gravity........ 2.37-2.53 2.5-2.92 3.43-3.86 
Ther Cond, Btu/hr/sq ft/°F /ft 0.87-1.57 1.45-1.94 2.88-3.61 
Coef of Ther Exp, per °F 
68-212 F. 2.00 x 10-6 3.33-3.99 x 106 1.31-1.84 x 10-6 
68- ~~) ae 2.70 x 106 4.52-5.50 x 10-6 2.09-2.16 x 10 
Thermal Shock Resistance Fair Moderate Good 
8 a ee 680-842 824-1544 1292-1598 
Temp Coef of Capacitance Chg”.. 630 120 175 
Water Absorption, %. - 0.0-0.1 0.0-1.0 0.0-9.0 
Gas Permeability. .... Gas-tight 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 10 13-16 21 
Mod of Rupture, psi.......... 11.3 19.3-22.2 9.3-24.0 
Tensile Strength, 1000 sata ; 2.5-7.0 4.8-15.0 4.5-12.0 
Hardness (Mohs). . 7.0-7.5 7.5 8 
Impact Strength h (Charpy), i in. lb 
¥%, In. Dia... 8.2 10.5-14.0 8.9-11.4 
Y% |n. Dia....... — 3.8-5.0 5.50-5.64 
Flexural Strength, 1000 psi. . . 5.4-12.0 11-20 18.5-22.0 
Compressive Strength, 1000 psi 49.1-70.0 66-90 60-100 
Transverse Strength, 1000 -. ll 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohms/cu cm 
68-77 F... 10!3_1015 >10! >10'4 
r+? 1.2 x 108 0.21- >100 x 10! 2.0 x 10'3 Nonmetall, 
o2f... 5.0 x 108 0.6-800 x 108 5.5 x 10" 
932 F 4.0 x 1054 0.32-300 x 10® 5.5 x 108 
1292 F 2.3-500 x 106 1.4 x 10’ 
1652 F. Ba 7.0-680 x 10° 8.2 x 105 
Dielectric Strength, V mil 55-300 145-280 60-290 
Dielectric Constant 
60 Cycles 5.4-7.0 5.9-6.3 9.1 
1Mc.... 5.5-6.51 5.30-9.20 
100 Mc.... 5.6-6.0 8.6 
10,000 Mc... §.3-5.8 8.4 
Dissipation Factor 
60 Cycles...... 0.0090-0.0112 0.0013-0.0150 0.0360 
) Ie : 0.0011-0.0075 0.0007-0.0022 
|) ae 0.0009-0.0028 0.0012 
10,000 Mc....... — 0.0014-0.0054 0.0027 
Loss Factor 
60 Cycles...... 0.053-0.060 0.008-0.090 . 0.327 
EP — 0.007-0.0252 0.0041-0.0135 
| 0.005-0.016 0.010 
10,000 Mc.... 0.008-0.030 0.023 
HEAT RESISTANCE 
} Max Rec Svc Temp, F 1820 1832 2012 





USES 





Low voltage insulators, 
vitrified high voltage 
insulators, wire supports, 
outlet boxes, 
arrestors, suspension in- 
sulators, x-ray rods and 
tubes 


lightning 





Aircraft insulators, appli- 
ance housings, electric 
line insulators, tube 
sockets, electrical instru- 
ment spacers and feed- 
through bushings, fuel 
igniters, camera and pro- 
jector rollers, thermostat 
controls 











Aircraft firewall connector 
plugs and glow plugs; 
electronic tube sockets, 
coil forms, spacers, 
brackets, printed circuits 
and plates; pump valves, 
plungers and seats 





aTe value is the temperature at which a cubic centimeter of the material has a resistance of 1 megohm. 


b77-185 F, parts per million. e392 F 










d752 F 
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Refractory Oxides 



































































| 
Type »> Alumina Beryllia | Calcia | Magnesia Silica Silica 
(Al.0;) (BeO) | (CaO) | (MgO) (crystalline | (vitreous 
Si02) Si0.) 
EEE See 3660 4620 4710 5070 3140 — 
Max Use Temp in on Atm, F.. 5 3540 4350 4350 4350 3055 — 
Hardness (Mohs)... EEO BV 9 9 45 6 7 — 
Coef of Ther Exp, per ce | 44x 107 52.8 x 10° 75.5 x 10-77 77.8x107 | 238.9x107"| 28x10’ 
(68-2875 F) | (68-2550 F) | (68-2190 F) | (68-2550 F) | (68-570 F) | (68-2280 F) 
Ther Cond (at specified temperature and 
porosity), Btu/hr/sq ft/°F/ft.............] 1.372190 F, | 9.52 (2190 F, | 4.12 (1830 F, | 1.47 (2190 F, | 0.92 (2010 F) | 0.80 (0.9%) 
23%) 93-10%) 9%) 22%) 
Thermal Shock Resistance.................. Good Excellent Fair Fair Poor to600F;| Excellent 
excellent 
above 600 F 
Stability in: 
Reducing Atmosphere................. Good Excellent Poor Poor Poor Fair 
i a al nk wneud Fair Excellent Poor Good Poor Good 
a Rieti eS rk ae aa Good as Poor | Poor Good | Good 
a ee ct cia seen eae Good Fair Fair Good Poor | — 
a Oa es: Good | Good Fair Fair Poor _ 
a | 
Zirconia | | 
Type =» Thoria (stabilized Mullite Spinel | Zircon 
(ThO.) | Zr02) | (3Al203-2Si02) | (MgO-Al,0;) | (Zr02-Si02) 
Melting Point, F.. hs 6000 | 4710 3330» 3830 4390 
Max Use Temp in Oxidizing Atm, * Fe 4890 | 4530 3270 3450 3400 
Hardness (Mohs). . TOPE Ife ] | 1-8 | 6-7 | 8 7.5 
Coef of Ther Exp, per . RRR OE. 52.8 x 10-7 | 30.6x 107° 25 x 107 50 x 10-7 30.6 x 10-7 
(68-2550 F) | (68-2190 F) | (68-2410F) | (68-2280F) | (68-2190 F) 


Ther Cond (at specified temperature and | 




















porosity), Btu/hr/sq ft/°F/ft............ 0.0(2190 F, | 0.53 (2190 F, 1.55(2190F, | 1.21(2370F, | 1.21 (1830F, 
17%) 28%) 30%) | 36%) | 30%) 
Thermal Shock Resistance.................. Poor Fair | Fair Poor Good 
Stability in: | | 
Reducing Atmosphere.................... Good Good Fair — Fair 
ey ee ii, cy cwsveccuns ted Fair Fair Fair Fair Fair 
NE ns icv osvsamesoneecenedad Poor Good Good Fair Good 
a oS 6 in sek cuendercde recat Good Poor Fair Good Poor 
IE, Ee Teer Excellent Good Fair — Good 
aDepends on crystalline form. At temperatures of 570 to 2010 F, value is 16.6 per °F. 
bIncongruent. 


cDepends on degree of stabilization. 
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Mechanical Felts 


SHEET AND ROLL FELTS 











Type* Nominal 
he Density, Typical Applications Classification» 
lb/cu ft 
SHEET FELT 
ee 43 Heavy duty grinding and polishing wheels, bumpers 32-S-1, 32-S-2, 
32-S-3, 32-S-4 
ES eee ee eee 35 Polishing granite, marble, glass tumblers; marking pens 26-S-1, 26-S-2, 
26-S-3, 26-S-4 
Medium . 27 Polishing lenses, mirror and plate glass, and wood; cash carrier | 20-S-1, 20-S-2, 
heads, bumpers, ink rollers, punched wicks 20-S-3, 20-S-4 
SOn..... 21 Wicks, washers, plugs, transfer rolls, polishing blocks 16-S-1, 16-S-2, 
16-S-3, 16-S-4 
Extra Soft 16 | Fine and soft metal polishing, absorbent pads, shock mountings, | 12-S-1, 12-S-2, 
| antivibration pads 12-S-3, 12-S-4 
ROLL FELT 
Back Check (F-1, F-2, F-3).. 21 Washers, bushings, wicks, ink rolls and pads, door bumpers, | 16-R-1, 16-R-2, 
| polishing blocks, wheels and pads, antivibration and dampen- | 16-R-3 
| ing pads, window channels, oil and grease shields 
Extra Firm Pads (F-5, F-6, F-7)....... 16 | Dust shields, wipers, grease-retaining washers, wicks, anti- | 12-R-1, 12-R-2 
| vibration mountings 12-R-3 
Firms Pads (F-10, F-11, F-12, F-13, F-15) 11.3 | Grease and oil retainers, dust shields, sound deadening, chassis | 9-R-1, 9-R-2, 9-R-3, 
| Strips, pedal pads, dash liners 9-R-4, 9-R-5 
Soft Pads (F-26)........ 9.6 | Packing and padding 8-R-1 
Ball Bearing (F-50, F-51).......... 21 | Ball and roller bearing oil retainers; small dust-excluding | 16-RX-1, 16-RX-3 
| washers; gaskets, liners, other thin cut parts 
Ee 16 Antisqueak strips; lining cemented to fiber board and metal | 12-RX-3 








panels 














aSAE Spec No. in parenthesis. 
bFelt classifications are based on the construction, i.e., fiber blends or ‘‘mixes,”’ 


assorted uses, are customarily fabricated in each of the principal classes. 


and density of the material. Several types, serving 





Standard nomenclature consists of a three-unit code in which the first number indicates the surface density (weight equivalent 
of 1 sq yd 1 in. thick); a letter (“‘S’” for felts fabricated in sheets 36 x 36 in., “‘R” for felts fabricated in rolls 40 yd long and 60 or 
72 in. wide); and a second number indicating the type of fiber composition, which has a basis in the U. S. Standard wool grade 


classification. 


FILTER FELTS 





























Nom Thk, Density, | Mullen Porosity, Air Per- Retention Use 
Type* in. lb/cu ft Bursting % meability, | Efficiency, 
+ Strength, cfm/sq ft/ Fe 
psi> 0.5 in. H.0 
A (all wool)... ... Yap 10 50 93 280 45 | Multilayer latex filter 
B (all wool)...... Vg 9 94 86 235 65 Air conditioning and pollen filtering 
C (all wool)...... Vg ll 125 86 130 76 Emulsion and dope 
D (all wool). ..... Yig 13 130 86 105 88 Industrial air conditioning 
E (all wool)...... You 14 110 83 70 92 Air compressors; compressed air 
F (cotton blend). . Yx2 ll 225 86 50 94 Cellulose lacquer and organic solvents 
G (all wool)...... Yr 17 220 66 30 96 Oil and fuel 
H (all wool)...... Ye 20 145 79 28 98 Industrial respirators and masks 
1 (all wool). ..... Vig 22 120 79 13 99 Biochemical air intake filters 
J (silk blend). ... Yig 30 235 62 2 100 Toxic dusts, fumes and mists 





aFilter felts are made of special wool fiber blends chosen for their ability to make a felt of specific porosity, permeability and retention 
characteristics. 
bASTM D461-53. 
cRetention of 0.7 micron mean dia mineral dust at rated permeability. 
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Forms and Shapes of Materials * OTHER NONMETALLICS 




























Mechanical Felts—concluded 





























ROLL FELTS 
Breaking Splitting Resistance Solubles, %* 
Nom Thk, | Density, | Strength, psi (2-in. width), Ib 
SAE in. Ib/cu ft a Wool - Ash, % 
Spec No. eof | Content, %| Carbon | 
& L> Ww Lb We Tetra- Water Com- 
| chloride | bined 
ee. re 2 2 we ae ee 98 | 09 | 09 19 | «(05 
eee an.xs } 193 | 850 | 720 | 42 | 4 | 98 | O8 | 15 23 | 0.6 
i eee, 5 | 20 | © | @ 26 24 94 2.1 1.7 3.8 1.2 
eee oe ! en ee | 32 29 95 2.1 1.2 3.3 1.0 
a © Ore | 150 | 640 | 450 | 18 18 98 1.1 1.4 2.4 0.7 
ieicc«t oon | 640 565 21 19 97 0.6 1.6 2.2 0.6 
F-10....... Massiud See! 3 | a4 9 8 98 0.6 1.1 1.8 0.6 
ae | 110 | 400 = Ct 8 8 98 0.5 1.3 1.8 1.0 
a Poe Eee } 18 | 310 230 8 9 94 3.1 1.6 4.7 1.0 
*.. | 12.2 | 300 240 | 9 .) 94 3.7 1.2 49 0.9 
P—06....... AK cc. ae. SR: geo 6 5 86 1.6 2.8 4.4 1.8 
as, i Qa wet see 4 88 17 2.8 45 1.9 
aASTM D 461-53. bL—lengthwise; W—transverse. 
Abrasion Wear, | Oil Absorption and Capillary Flow 
% decr in thk* (SAE 20 oil, 70 F) 
nineteen Coef of Static - a 
Friction> . Oil Wicking Rate. Ther Cond (K), 
SAE Load, 02/sq in. Oil in./min lapsed time | Btu/hr/sq ft 
Spec No. Absorption F /fte 
— fein, i _ — 
| | | | | | Oiled | % wt iner | 
3.8 | 7.0 | 10.2 | Wood | Glass | Metal | Metal | $3 ;8 15 30 60 | 90 120 
, ae 10 | 23 Zhi ae | ae | 2) Oe 185 05 | 07 | 08 | 1.1 16 | 20 | 2.2 0.030 
. ir tee | eel Bi | 2 265 1 05 | 0.7 | 10] 13 | 17 8 | 2.1 0.030 
_ tae 3.0 | 3.0 | 60 | 37 | .26 | .22 | .18 | 320 | 0.6 | 08 | 10 | 13 | 17 | 2.0 0.025 
F-15. 4.1 | "ot tata | <7 570 106 | 09 | 11 1 14 1 16 | 1.9 0.020 
aFelt-to-felt, 10,000 rubs, 8-in. stroke. bFelt against material indicated. 


el-in. felt. Thermal and acoustical felts blended with Kapok fiber have tested values of 0.21 K factor and 0.80 sound absorption coeffi- 
cient at 512 cps for 1-in. thicknesses of 3.2 Ib per sq yd weight. 





SAE Spec No.* F-1 F-3 F-5 F-10 F-11 F-15 
~ (21) (21) (16) (11.3) (11.3) (11.3) 





Load, Compr Load, Compr Load, Compr Load, Compr Load, Compr Load, Compr 
psi Set, % psi Set, % psi Set, % psi Set, % psi Set, % psi Set, % 





Deformation, % 






































SRR Sy 21 l 13 l 6 ] 4 l 4 l 3 l 
Picci 110 4 93 6 4\ 4 9 3 15 4 10 4 
GP es 58003 480 ll 420 12 215 10 58 9 72 9 64 10 
OD. ....+..-..8 Slee 53 21,200 95 7750 93 2380 40 2620 42 3420 42 








aDensity (lb per cu ft) given in parenthesis. 
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Natural Fibers 








Bast Hard Animal 
Type »> Cotton |— | oe wnat i— : eer Gee 
Flax Jute Hemp | Ramie | Manila | Sisal | Henne-| Wool | Horse- | Silk 
(abaca) | quin hair 
FORM 
Freer Length, Wh... ... 06.26... Y%-2Y%, | 6-40 | 10-60 | 40-80 | 15-25 | 20-40 24 20 1%-15 | 1-25 | Filament 
Fiber Width (avg) microns........... 7 | 6 | #W 20 47 | 19 19 | 2 | 2 100 ll 
PN nck kvsetienee penne Flat tube} Tube | Bunched Flat tube} Bunched| Bunched| Bunched| Round | Round | Round 
| cells | cells | cells | cells 
mE iil eintt wantin - a ee Soak te = is ee Se a _ 
PHYSICAL PROPERTIES | | | | | | 
EIT EE | 1.50 1.48 1.48 | 1.55 - ot ce tee ee te 
Ten Str (70 F, 65% RH), 1000 psi... .| 42-125 115 — |112-132| 130 125 | 100-120 | 17-28 | 45-83 
Wet, % of normal............. | 120 — Low | Low High High Low | Low | 79-97 75-95 
 . Sears 2 ca ao 2-6 3-6 2-3 2-25 | — | 25-50 13-31 
Mod of Elast in Tension, psi........}57-11] — | — | — | —~ | — | ~— | ~ |27-39) 8.4-12.9 
Stiffness, gm/grex.................] 57-60 | 270 185 | 200 167 175 127 im | 0.75-1.16 
Strain Rec (2% strain unless noted),%| 74, | 65 (|74at1% 52 - . | 994+, | 99, 74 
45 at 5% | | 63 at20% |63 at20% 
Toughness Index (relative work | | | | | | | | 
ERS eee ie | Bios 8 | 7 | 5 | — | @ | - 44 
Strength Ratio (yarn to fiber). .......10.45-0.60} 0.38 0.35 | 0.36 045 | — | — | — __ |0.50-0.55) — 
Friction Coef (self)................ 0.30 = — | — |] — | — | — | — (0.20050) — 0.26 
I ee roccicacaes Burns | Burns | Burns | Burns | Burns | Burns | Burns | Burns | Slow | Slow | Burns 
| | | burn | burn | 
ENVIRONMENTAL PROPERTIES | : | | 
Acid Resistance | | | 
Strong Poor Poor Poor Poor Poor Poor Poor Poor Res | — Dissolves 
Weak... Poor Poor Poor - - Res Fair 
Alkali Resistance 
Sa ; bhens Exc | Good | Good Good | Good Good | Good | Good Poor Poor Dissolves 
ts oy rcs chs aaeoe ns Exc | Good Good | Good Good Good Good | Good (Poor hot| Poor Poor 
Organic Solvents............ Res | Res Res | Res Res Res Res Res | Res Res Res 
Heat Effect Good to | Good to Good to | Good to - — - Good to Disinte- 
275F | 275F 2I5— | 275 F 212 F grates at 
340 F 
Sunlight Effect.....................]Weakens} None None None None None None None |Weakens| Weakens|Weakens 
Microbiological Resistance. ......... Poor ‘'Verygood; Good Good Exc Good | Poor Poor | Fair Fair Good 
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Regenerated Cellulose (rayon) 








































































































| Cellulose | 
Type » Acetate | 66 Nylon Fluorocarbon Polyester 
Viscose | (acetate) | (Teflon) (Dacron) 
seaenineinnapeedsheesunsiersenmne | 
High | Reguiar | Cupram- | Fortisan | 
Tenacity * monium 36 
COMPOSITION 
AND FORM 
Chemical Base......... Regenerated Regenerated | Saponified | Cellulose Polyamide Polytetra- Polyethylene 
cellulose cellulose jcell.acetate} acetate fluorethylene | terephthalate 
ree Pee White | — White White White White Brown White 
Fiber Width (avg), 
CS. 944 ch ties 10-15 10-43 ll — 11-46 10+ — 
Cross Section.......... Irregular _ Circular Irregular | Irregular | Circular Circular Circular 
PHYSICAL PROPERTIES 
Se sade kncdnsis 1.5 | is | 1.54 1.52 1.3 1.14 2.3 1.38 
Reg | High | Staple 
Ten Str 
70 F,65% RH, 1000 psij 85-95 29-47 33-42 138-155 20-25 | 67-85 | 89-108} 60-66 44 85-106 
Wet, % of normal. ... 55-65 44-54 59 65-70 60-65 100 100 100 100 98 
Elongation, %......... 10-20 15-30 10-17 6.2 23-30 | 26-32 | 19-24 | 37-40 24 12-40 
Mod of Elast in 
Tension, pSi......... 9.9-23.6|  6.4-9.1 9.2 — 3-5 2.3-3.8 | 2.3-3.8) — _ — 
Stiffness, gm/grex..... 25 ll 14 — 5.2 20 | 41-47; — — 13-25 
Strain Rec (2% strain 
unless noted), %..... 82 82 48 at 5% — 94 | 100; 1005| 100%) — 90-100 
| 
| 75 at 20% 
Toughness Index (rela- | 
tive work to rupture). 25 19 14 wot 19 56 | 52 _ Good 49-63 
Friction Coef (Self)... .. 0.19 — — — 0.29 0.14-0.16 Low — 
Flammability. ......... Highly Highly Burns Burns Not support Fire Slow burn 
flammable flammable combustion resistant 
ENVIRONMENTAL 
PROPERTIES 
Acid Resistance 
Pde kenscecved Decom- Decom- Poor Decom- Poor Inert Good at 
poses poses poses low temp 
Batis cebu sos ths Strength Decom- Poor Dissolved Fair Inert Res 
loss poses by some 
Alkali Resistance 
WE si vcsccceseed Swells Swells Swells | Saponifies Good Inert Fair at 
low temp 
SR ery Res (cold) Res (cold) | Res (cold) | Res (cold) Good Inert Good at 
low temp 
Organic Solvents....... Res Res Res Dissolved Generally Inert Res 
by many insoluble 
Sunlight Effect......... Weakens Res Res Weakens Weakens Inert Weakens 
Microbiological Res... . . Attacked Attacked | Attacked Res Res Inert Res 
aSuper Cordura. 
bDelayed recovery up to two weeks. 
INEERING 
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Synthetic Fibers—concluded 





















































Acrylic Vinyl! Derivative | 
: — | Protein 
Type » | | | (Vicara) 
Orion | Acrilan VinyonN |  Dynel Vinyon | Saran _| Polyethylene! 
COMPOSITION AND FORM | 
Chemical Base............ ...| Polyacrylo- Acrylic Vinyl Vinyl Vinyl Vinylidene | Polyethylene Zein 
nitrile copolymer | chloride- chloride- chloride- chloride | (corn 
acrylonitrile | acrylonitrile vinyl protein) 
copolymer | copolymer acetate 
EE ee er Cream White Light cream | Light cream White White White | Beige-white 
Fiber Width (avg), microns... _ — — — 16-18 50-1300 150+ | 15-30 
Cross Section................ Flattened | Flattened | Flattened | Flattened | Barbell | Circular Circular | Circular 
tube tube | tube, | tube, | | 
| convoluted | convoluted | | | | 
PHYSICAL PROPERTIES | | | | | 
tsar ltanckess 1.14-1.17 | 1.2 | 1.26-1.32 | 1.28 1.33 | 1.68-1.75 | 0.92 | 1.25 
Ten Str | | | | | 
70 F, 65% RH, 1000 psi..... 77 | 44-66 | 70-90 | 45-48 35-76 15-45 11-32 17.5-19 
Wet, % of normal......... 95 | 80 100 | 100 100 100 100 | 45-55 
Elongation, %........ seminal 16 31 25-35 35 14-35 20-30 20-80 | 30-35 
| | at break | | 
(oriented) 
Mod of Elast in Tension, psi... _ | _ _ | —_ 3.5-4.5 0.3-1.7 _ | — 
Stiffness, gm/grex........... 28-30 | 8 10 7.9 22 20 2-12 | 2.8-3.4 
Strain Rec (2% strain | | 6 
unless noted), %........... 85 80 97 | 97 | 99 95 | 90-95 slow | 99 at 4% 
Toughness Index (relative | | | | | | rarauaece 
work torupture)...........) 44 32-40 | 4 | 48 =| 3036 | — 30 18-21 
Friction Coef (self)........... _ | _ — | — 0.19 | — —_ —_ 
Flammability......... etacnsle Slow burn | Slow burn | _ Self- |  Self- Not support | Not support | Slow burn | Burns 
extinguishing] extinguishing} combustion | combustion 
a ee ene a = _| ~ 
ENVIRONMENTAL PROPERTIES | | | 
Acid Resistance | 
errr Inert Inert Very res | Res Res Res | Res | Res to 
| | 10% cone 
TE Dees ities ohedsase Inert Inert Very res | Res | Res | Res | Res Decomposes 
Alkali Resistance 
ee eee Attacked Attacked Res Very res Res Res most Res Decomposes 
er ...+.| Fair-good Fair Very res Very res Res Res Res Res (cold) 
Organic Solvents............. Generally Very res Good Generally Poor Generally Generally Res 
res good res; swells good 
Sunlight Effect............... Very res Res Slight str loss} Weakens Res Tends to Weakens Res 
yellow 
Microbiological Resistance. ... . Res Res Res Res Res Res Res Res 
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Glass Asbestos ; 
Type » sake - a - etienledibaaiiaadaiai Ceramic 
Micro (aluminum 
Standard 9(——————_——_ —| Chrysotile | Crocidolite | Amosite silicate) 
| Quartz | — Glass | | 
COMPOSITION AND FORM | | 
Chemical Base............ — | Silica glass | _ Hydrous Hydrous | Ilronand _ 
magnesia sodium and magnesium 
silicates iron silicates silicates | 
eee eee Blue-white | Tan — Green, grey, | Yellow-brown | Yellow-brown | Opaque white 
white 
Fiber Length, in.............] Filament or Staple Staple Crude %-% | Crude %-% 2-llin. | Very short 
staple | 
Fiber Width (avg), microns...| 5-16 | 0.75 | 0.05-15 0.1 ve ie 3 
PHYSICAL PROPERTIES | | 
a oS es ena vead 2.54 | — | 2.54 2.4-2.6 3.2-3.3 3.1-3.25 
er 205-212 — | — 80-100 100-300 | 16-90 - 
Elongation, %.......... | 2-3.] — | — Low Low Low - 
Abrasion Resistance......... Poor Poor | Poor Fair Fair Fair Poor 
Moisture Abs, %........... 0.1 0.1 0.1 Contains — — — 
14% water 
Specific Heat, Btu/Ib/°F..... 0.157 _ 0.157 0.266 0.201 0.193 | — 
Ther Cond (1000 F), | 
10* Btu/hr/sq ft/°F /ft.... -- 330-1000 * — 980® — — | 190-1170¢ 
Vol Res, ohm-cm........... 2x 104 10'5 2 x 104 — -- | — High 
ENVIRONMENTAL | 
PROPERTIES | | 
Acid Resistance.............] Resists all but | Resists ail but | Resists all but | Soluble Good Fair 
hydrofluoric | hydrofluoric | hydrofluoric | to57% 
andhot | andhot | and hot | 
phosphoric phosphoric | phosphoric | | 
Alkali Resistance... ... Dissolves in | Dissolves in | Dissolvesin | Good Good | Fair _ 
strong strong strong 
Heat Resistance | 
Below 600 F..... Exc — — Fair, Loses water at Fair, Little effect, 
embrittles | mod temp embrittles (keeps resilience 
RS EE a ee ne Softens | OK | — Softens 8.4% loss in |Embrittles, loses Embrittles, loses OK 
ten str | character | character 
SE ee ae eee NG OK — 26.7% loss in | NG NG OK 
ten str 
| a ee ee NG Shrinks Max 40.5% loss in NG NG OK 
slightly (as felt) ten str 
RP ey ee NG Shrinks NG 68% loss in NG | NG OK 
slightly ten str 
ry re NG Shrinks NG Embrittles, loses NG | NG OK—still 
slightly character resilient 
Fusing Temp, F.......... 1500 2500 1500 2770 2180 | 2550 2800 









aFelted; density 3 lb per cu ft. 
b75 F. 

cFelted. 

aNG = No good. 
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Woods (American) 





Max Crushing Strength (compression) 








Type* Static Bending _ 
Specific Stress at Parallel Perpendicular 
& Gravity Proportional Limit, | to Grain, to Grain, 
psi | psi psi 
HARDWOODS (Deciduous) 
Ash, White. ... eae 0.60 8900 7410 1410 
Basswood........... 0.37 5900 4730 450 
Beech....... oe 0.64 8700 7300 1250 
Birch, Yellow........... 0.62 10,100 8170 1190 
Cottonwood, Northern Black 0.35 5300 4420 370 
eee 0.63 8000 7050 1520 
Gum, Sweet Red....... 0.49 8100 5800 860 
Gum, Tupelo........ 0.50 7200 5920 1070 
Hickory (bigleaf shagbark) 0.69 8900 8000 2220 
Locust, Black. . 0.69 12,800 10,180 2260 
Maple, Sugar 0.63 9500 7830 1810 
Oak, Red..... 0.63 8400 6920 1260 
Oak, White 0.68 8200 7440 1320 
Poplar, Yellow 0.40 6100 5290 580 
Walnut, Black. 0.55 10,500 7580 1250 
Willow, Black 0.37 3900 3420 480 
SOFTWOODS (Coniferous) 
Cedar, Port Orford....... 0.42 7700 6470 760 
Cedar, Eastern Red..... 0.47 3800 6020 1140 
Cypress, Southern (bald) 0.46 7200 6360 900 
Fir, Douglas (coast type) 0.48 8100 7420 910 
Fir, Balsam... 0.36 5200 4530 380 
Hemlock, eastern..... 0.40 6100 5410 800 
Hemlock, western 0.42 6800 6210 680 
Pine, Eastern White (northern white) 0.36 6000 4840 550 
Pine, Longleaf.......... 0.58 9300 8440 1190 
Pine, Ponderosa 0.40 6300 5270 740 
Redwood (virgin) 0.40 6900 6150 860 
Spruce, Sitka. . 0.40 6700 5610 710 





aSamples air dried to 12% 








moisture content. 
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Properties of Materials « 


Glass (Industrial) 






OTHER NONMETALLICS 








Soda-Lime Glasses 











Type »> Fused Silica 96% Silica : | Aluminum 
Plate | General Purpose | Silicate 
PHYSICAL PROPERTIES 
Density, Ib/cuin......... 0.079 0.078 0.09 0.089 0.091 
| 3050 2800 1330 1285 1675 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft 0.80 0.80 0.53 0.53 — 
Coef of Ther Exp (32-570 F), per °F 3.0 x 10-7 4.5 x 107 48 x 107 51 x 10-7 23 x 10-7 
Spec Ht, Btu/Ib/°F. . cae 0.185 0.185 0.20 0.20 | a 
Elec Res (212 F), ohm-cm............ $105 $105 = axie =| 
Power Factor (68 F, 1 mc), %. dies 0.025 0.02-0.04 0.80 0.90 | 0.37 
Dielectric Constant (68 F,1 mc)...... 3.75 3.8 7.4 7.2 6.3 
Thermal Stress Resistance, °F*....... -- 390 _ 65 85 
Thermal Shock Resistance, °F» Very high Very high 135 125 240 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. . 10 x 106 9.7 x 108 9-10 x 106 9-10 x 106 12.7 x 106 
Normal Work Stress (annealed), psi 1000 1000 1000 1000 1000 
Highest Service Temp, F 
Ns oes vcs ka. eeans ke 1650 1500 900 840 1200 
Tempered......... — 550 480 840 
THERMAL TREATMENT 
2080 1670 1010 950 1315 


Annealing Temp (stress relief), F....... 





FABRICATING PROPERTIES 
Ee ee 


Joining. . 








Glass can be ground or polished without great difficulty. Machining limited to sawing or drilling. Sawing 
readily accomplished with an impregnated wheel. Drilling is difficult, but is done with special carbide- 
tipped drills using kerosene as a lubricant 


Glass can be joined by heat sealing using a blast lamp, a gas torch or electric heating. Parts must have 
closely similar coefficients of expansion; otherwise, intermediate pieces having intermediate coeffi- 
cients must be used. Glass-to-metal seals are also made by this latter process 





CHEMICAL RESISTANCE 


USES 








Glass i is attacked by hydrofluoric acid, hot concentrated phosphoric acid and strong alkalis. It is resistant 
to most other chemicals 








Ultraviolet energy 
transmission, 
chemical appara- 
tus, thermocouple 
protection tubes, 
laboratory ap- 
paratus 


Ultraviolet energy 
transmission, 
chemical reaction | 
vessels, thermo- 
couple protection 
tubes, laboratory | 
apparatus | 


Sheet and plate glass, molded glassware, bulbs for electric 
lamps, bottles, vials, fluorescent lamp tubing 











aMeasured by subjecting the two sides of a tube or constrained plate to a temperature differential. Index is the differential that 
causes a stress of 1000 psi on cooler surface. 


bMeasured by heating squares of annealed glass, 6 by 6 by % in., 
maximum temperature differential at which no breakage occurs. 
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to a uniform temperature and dropping into cold water. Index is 
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Glass (Industrial) —concluded 











Lea? Silicate Glasses 








Type » —— ——— ———$ 
Lamp Tubing | Thermometer High Lead 
PHYSICAL PROPERTIES | 
Density, Ib/cuin.... ...... 0.110 0.104 0.154 
LE 1160 1200 1075 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft 0.50 0.50 0.45 
Coef of Ther Exp (32-570 F), per °F... 50 x 10-7 47 x 10° 51 x 10’ 
Specific Heat, Btu/Ib/F.......... 0.17 0.16 
Electrical Resistivity (212 F), ohm-cm 10'4 >10'5 
Power Factor (68 F, 1 mc), %..... 0.16 0.09 
Dielectric Constant (68 F, 1 mc)..... 6.6 9.5 
Thermal Stress Resistance, °F*. . 65 
Thermal Shock Resistance, °F» 120 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 9.0 x 108 7.6 x 10° 
Normal Work Stress (annealed), psi 1000 1000 1000 
Highest Service Temp, F 
Annealed... 720 750 720 
Tempered 380 400 360 
THERMAL TREATMENT 
800 860 - 


Annealing Temp (stress relief), F 





FABRICATING PROPERTIES 
Workability 


Joining..... 


CHEMICAL RESISTANCE 


USES 


800 





Glass can be ground or polished without great difficulty. Machining 
limited to sawing or drilling. Sawing readily accomplished with an 
impregnated wheel. Drilling is difficult, but is done with special 
carbide-tipped drills using kerosene as a lubricant 


Glass can be joined by heat sealing using a blast lamp, a gas torch 
or electric heating. Parts must have closely similar coefficients of 
expansion; otherwise, intermediate pieces having intermediate 
coefficients must be used. Glass-to-metal seals are also made by 


this latter process 





Glass is attacked by hydrofluoric acid, hot concentrated phosphoric 


acid and strong alkalis. It is resistant to most other chemicezls 








Lamp tubing, electrical and electronic appli- | Electrical capacitors, 
cations, thermometer turing, metal secling 





x-ray shielding 





aMeasured by subjecting the two sides of tube or constrained plate to a temperature differential. Index is the dif- 
ferential that causes a stress of 1000 psi on cooler surface. 
bMeasured by heating squares of annealed glass, 6 by 6 by % in., to a uniform temperature and dropping into 


cold water. Index is maximum temperature differential at which no breakage occurs. 
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Design 
Properties of 
ae i dB ORV, 
an on 


Adaptable 
Strong 

Deadens noise 
High capillary 
action 

Cuts with clean, 
non-fray edge 
Perforates 
without fraying 


Can be 


permanently 
molded 
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Wide range of 
densities 


“Reduces transmitted | 


vibration 


Excellent coefficient 
of friction 


Resilient 
Long lived 
Bondable 


Can be carved 
without disturbing 
nap 


Kal, 
“fh, 
a 
i 
q 
t, 
ei 


Can be treated for: 


Absorption, sizing or 
stiffening, repelling 
water, mothproofing, 
flameproofing and 


mildew-proofing. 









” be made etter 
WIth 
ELT by FELTERS 


Felt has gone to our head! And we hope it goes to 


























yours, too. 

Because that’s where designers are finding new uses 
for this most versatile of all materials every day. When 
the idea sparks, that’s your cue to call on Felters. We 
can offer a wealth of experience and the findings of our 
own research laboratory to help. What's more, Felters 
furnishes just the right grade by the roll, the yard or 
cut to specifications. Start-to-finish control gives you a 
uniform, exactly produced product; and precision cut- 





ting means less waste, less cost and accurate parts to | 
To Help You Spark New Ideas... 


speed r lies. 
peed you assemblies Here’s a complete, condensed design 


Call or write: The Felters Co., at the sales office nearest you. book on properties, uses and selection 
Offices: New York, Philadelphia, Chicago, Detroit, St. Louis + Sales of felt. Use it to specify and order the 
Representative: San Francisco « Mills: Johnson City, New York; Mill- right grade . . . and give your product 


bury, Mass.; Jackson, Mich. * Representatives in principal cities 


throughout the world. that extra edge in quality. Just clip the 


coupon below. 





| : the FELTERS company 7 
for: : ar 220 SOUTH STREET, BOSTON 11, MASS. 
' a i A. — ‘ Manufacturers of Felt and Felt Products 
Se ee Send for FREE “Design” Booklet 
j or : F 
| me (( | RT eyes tint tt enh elif Sh irl lea en a Rin 
g : (Please Print) i 
ng, | at a i arr Oe ee eh es suk eebabieseud 
: Bass : ve ee . 7 os ‘ : sn ¥ ae 





For more information, turn to Reader Service card, circle No. 431 
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. Looking for 


FILTERING 

















Thin 2 Flexible 
GENERAL APPLICATIONS 


1 ff 


> 








High Wet Strength Long Wearing Uniform Caliper ~ Flexibility 
(Tags) (Wallets) (Paper Tubes) (Artificial Leather) 


HOLLINGSWORTH & VOSE 


More engineers with imagination are ex- There are a lot of new things being done 
papers include... 


ploring the many advantages of using with paper. Perhaps you would like to see 
paper. For only paper offers such a wide _a few of them without obligation. Just write 
choice of characteristics and can be made us on your company letterhead .. . we’ll 
from such a wide variety of raw materials. _ take over from there. 


Electrical Insulating 
Abrasive Backing 
Liquid and Air Filter 
Saturating 


Rope and Jute Tag 

Red Wallet 

Wet Strength Specialties 
Industrial Crepe 
Coating Base Specialties 


HOLLINGSWORTH & VOSE COMPANY 
EAST WALPOLE, MASSACHUSETTS 
Manufacturers of Special Technical and Industrial Papers 


For more information, turn to Reader Service card, circle No. 406 
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THIS IS GLASS 


a 


bulletin of practical new rdeas 





from Corning 





New, neat 


way to heat 





You can’t buy this heater, yet. It’s new— 
in fact so new in concept that what you 
see is a preliminary design sketch. 

What makes it so unusual is the heat- 
ing element it is designed around. 
Corning’s new tubular heating element 
called HEAT SHEATH®. 

This is what the basic unit looks like. 

Essential components are: 
Vycor brand glass tubing, colored 
red; capped leads; and a com- 
pletely enclosed, extremely efh- 
cient wire heating element. 

True .. . sheathed heating 
units are not new. But Heat 
SHEATH Offers a combination of 
important advantages to you who 
seek a compact, efficient, versa- 
tile source of heat. 

Let’s start with the glass tubing. 
It’s made of a Vycor brand glass 
that contains 96% silica. And 
silica in such amounts gives this 
glass the ability to cope with the 
usually adverse effects of both 
high temperatures and sudden ther- 

mal shock. 

For example: You can take an object 
made of a Vycor brand glass, heat it to 
900° C., and then plunge it into ice water 
without cracking, crazing, shattering, or 
any change in form. 

Next, consider the freedom of design 
this tubing offers . . . and how little space 
it requires. (O.D. is %”.) With a tenta- 
tive rating of 500 watts per linear foot, 
you can provide desired heat with short 
sections “‘banked,”’ or long, single units. 

These units heat up fast, too, going 
from room temperature to maximum 
rating within 5 seconds. The warm red 
coloring is right in the glass—it can’t 
wear out or off. (Note: Specific shade de- 
pends on wattage input and varies from a 
deep red toa cheerful ruby glow—colors 
that add psychological value to the heat.) 

Naturally, the glass enclosure protects 
the heating element from dirt, dust, and 
accidental shorting. Fire hazard is reduced 
to zero. And the heating element itself has 
a life rating of 5,000 hours, plus. 

Not interested in portable heaters at 
the moment? How about laundry dryers, 


broiling units, baseboard heating, air 
conditioning, industrial dryers? Maybe 
you’ve already thought of other possible 
applications. 

If you’re interested in finding out more 
about this compact, attractive, versatile, 
and challenging item, contact our Appli- 
ance Parts Sales Department. Write, 
wire, or phone. 

Afterthought: There are 7 different 
glasses in the Vycor brand group. We 
have a booklet that tells about them, 
gives details on thermal characteristics, 
radiant energy control applications, and 
such. The booklet is Bulletin B-91. Free 
with the coupon. 


On the level 





This intriguing (though difficult to show 
to advantage) bit of gadgetry is part of a 
turn-and-bank indicator for airplanes. 

We don’t make such instruments. We 
do supply the glass tubing, made from 
one of our Pyrex brand glasses. 

Those who do fashion instruments of 
this type find Corning a reliable, econom- 
ical source for this tubing. Besides being 
free from visual defects this tubing is rug- 
ged, accurate and easily worked. 

Astute makers of many things have 
discovered the practical and profitable 
road to glass components. They bring 
their wants to Corning. 

The list of items and special glasses in- 
volved almost defies enumeration. (There 
are some 65,000 glass compositions in our 
files.) But a good start is a pleasant book 
called ‘*This is Glass.” Free. And/or drop 
us a line briefing your problem and we’ll 
investigate and report promptly. 








How to prevent TV sunburn 


Those who perform in front of TV cam- 


eras are occasionally subjected to an 
occupational hazard called ‘“‘television 
sunburn.” 

Cause of this unsought skin tinting is 
the intense heat generated by the big 
lights used to illuminate sets. 

Now set the stage for another problem: 
Telecasting during the summer from a 
barn-like structure that has defied every 
effort of those versed in the art of air 
conditioning. 

This ‘‘double trouble’? is what the pro- 
ducers of a popular show, called “‘Grand 
Ole Opry,” faced last summer. Putting 
the show on from Ryman Auditorium in 
Nashville, Tennessee, loomed as quite an 
ordeal. 

Enter here a sensitive and knowledge- 
able person. His suggestion: Try Pyrex 
brand infrared reflecting glass. 

Sheets of this glass were placed in front 
of the lights with simple brackets. Here’s 
what the setup looked like: 





Heat output was reduced some 50%. Yet this 
PYREX brand infrared reflecting glass still trans- 
mitted 75% of the wanted light. 


Conclusion: Where there’s a_ knotty 
problem you'll often find a Corning glass 
to solve it. A number of good examples 
are detailed in Bulletin PE-34, a concise 
reference on infrared, sight glasses, flat 
glasses and sundry other useful items. A 
check in the coupon brings it to you. 


| -——- aniieg meant nesearch ie Class ------------—9 


“ CORNING GLASS WORKS, 50-10 Crystal Street, Corning, N. Y. 
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For more information, turn to Reader Service card, circle No. 514 
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| 

| 
Please send me the following material: Bulletin B-91, “VYCOR brand Industrial Glassware | 
| by Corning” [_]; Bulletin PE-34, “Corning Flat Glasses” [_]; Illustrated booklet, “This is | 
| Glass” [_]. | 
| | 
| Name Title 
| 
| Company | 
| | 
: Street 
: City Zone State 

J 















For more information, turn to Reader Service card, circle No. 378 
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SPECIALLY DEVELOPED CERAMICS may be 


the answer to the application you're working on! 


@ Got a heat, abrasion or 
corrosion problem connected 
with your application? Try 
ceramics! Instrument manu- 
facturers, scientists, physi- 
cists, research workers and 
specialized producers are ap- 
plying McDanel Industrial 
Ceramics to a wide variety 
of difficult applications with 
success. Our trained cera- 
mists will work with you to 
develop design, special dies, 
specially balanced bodies 
and mixes ... even new 
processes to suit your par- 
ticular need. Try ceramics! 
Write today! 


MDA Nell sss 


Your inquiry is 
REFRACTORY PORCELAIN COMPANY SPECIAL to McDanel! 
BEAVER FALLS - PENNSYLVANIA 


” FREE SAMPLES ° 


| and APPLICATIONS ; 
of INDUSTRIAL 


Ps FELT 


eee: eee 














Ses 





















‘unde to SAE. and 
Federal Govt. Specifications 
SEE HOW 
FELT 
FITS IN 


See why WITH YOUR 


CONTINENTAL FELT 
fills hundreds ss 


of jobs daily T 


CONTINENTAL E Exdsu lh COMPANY. inc 














For more information, turn to Reader Service card, circle No. 494 
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New Things Are 
Happening With 
Graphite 


@ Do you know that a graphite 
material of construction is avail. 
able which is impermeable and 
is unaffected by practically all 
corrosives (even chlorine) at any 
temperature? ...or that another 
carbon-graphite material posses- 
ses a hardness as great as that of 
glass? 


@ These outstanding graphite 
materials are only two of the 
special formulations developed 
by Graphite Specialties Corpora- 
tion, who regularly produce 
graphite components with spe- 
cial properties of density, purity, 
strength, permeability, chemical 
resistance, machining character- 
istics, etc. 


@ Graphite Specialties Corpora- 
tion can produce graphite suf- 
ficiently pure for moderating 
nuclear reactors; or with re- 
quired properties to provide an 
exceptionally low erosion rate in 
rocket nozzles; or with corrosion 
resistance values to permit use 
with chlorine at amy temperature. 
In addition, other special types 
are available for crucibles for 
transistor crystal growth, difficult 
metallurgical and chemical ap- 
plications, as well as for me- 
chanical equipment component 
parts. 


@ Most types of graphite can be 
furnished in rod, tube, sheet and 
block form, or can be molded 
or produced in special extrusion 
shapes, or can be machined to 
close tolerances. 


@ Write today for information 
relating to your specific require- 
ments to Graphite Specialties 
Corporation, 64th Street at Pine 
Avenue, Niagara Falls, New 
York. 





For more information, circle No. 383 




















What makes rayon superior in per- 
formance yet lowest in cost for all types 
of smoke, air and liquid filtration? 


Man-made — First of all, rayon is a man- 
made fiber. That means its physical 
properties can be manufactured to 
meet specific filtration needs. Fiber 
size, weight, roughness and length can 
be carefully controlled during produc- 
tion so that the finished filter is tai- 
lored to do the exact job for which it 
was created. Further, rayon can be 
“crimped” or bent into tiny waves that 
increase the number of filter traps. 


Non-channeling—Next, a filter made 
from crimped rayon staple does not 
channel—that is, the fibers form a bar- 


ILTRATION 


How RAYON does it fast, efficiently, and at lower cost than any other fiber 


rier that keeps air, smoke or liquid 
from following straight paths. 


Hooks and holds—The rayon fiber is 
rough-edged, too—tends to hook and 
hold passing impurities. Slicker fibers 
can’t snag particles like rayon can. 


Even-staining—Rayon stains evenly. 
This may be attributed only to high 
uniformity of filtration. 


Controlled fiber length—The length of 
the rayon fiber is controlled, assuring 
better filtration at a steady, uniform 
flow. Uncontrolled lengths cause chan- 
neling and clogging, reduce efficiency. 


Variety of densities—Most important, 
practically any filter density can be 





AVISCO 


RAYON FIBERS 





produced with rayon, due to the infi- 
nite webbing patterns possible with 
different deniers. 


Low cost—All these superior filtering 
qualities come to you at lower cost 
than with any other filter fiber. Tech- 
niques for mass-producing rayon, de- 
veloped over the past half century by 
American Viscose Corporation, make 
this low price possible. 

Rayon filters simply cannot be 
matched for versatility, efficiency and 
low cost. We would be happy to show 
you further how you can use rayon 
filters for a more profitable business. 


AMERICAN VISCOSE CORPORATION 
350 Fifth Avenue, New York 1, New York 





For more information, turn to Reader Service card, circle No. 421 
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where can 
you use 


2000°-3000° F. 
High Temperature Insulation 


























...it may be the 

special insulation 

youve been 
looking for! 





REFRASIL PROPERTIES: 
e Chemical resistance of pure silica 


@ Resists temperatures up to 3000°F. 
under certain conditions 


@ Low Thermal conductivity 

@ Fiber diameter .00020 —.00040 in. 
@ Specific heat .19 

@ Thickness .14—.15 in. 

e Surface density .05 |b./sq. ft. 


ba 
be 


REFRASIL USES: 

® 2000°F. continuous high temp. insulation 
® Filtration of corrosive materials 

® Removable, insulating blankets 

© REFRASIL and plastic laminates 

® Thermocouple wire insulation 

® Electric muffle furnaces 

® Laboratory heating mantles 


REFRASIL INSULATING BLANKETS: 











“WRAP-AROUND” “PRE-FORMED” 
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WHAT IS REFRASIL? REFRASIL is a highly efficient fibrous silica 
insulation material, extremely light in weight and bulk and made in a 
variety of physical forms. 





















REFRASIL has proven its high temperature insulation ability in mil- 
lions of hours of jet aircraft operation. It is fast becoming an important 
industrial insulation for critical and extreme temperature applications 
from —300°F. cold to + 3000°F. heat. Despite relatively high initial cost, 
REFRASIL is economical when restricted to special high temperature uses 
where ordinary insulation materials fail. 


If you need an efficient, lightweight 2000°-3000° insulating material 
in bulk fiber or any of the physical forms shown, REFRASIL may be your 
best answer. For your special high temperature insulation problems, our 
research and development engineers are only a phone call away. Call or 
write for complete engineering information and free samples of 
REFRASIL, for your own testing. _ 


FREE NEW CHART! 


First of a Series, this new High Temperature 
Insulation Chart contains helpful information on 
insulation for temperature ranges from —300° 

to +3000°F. Write for your free copy today! 


] 











H. |. THOMPSON FIBER GLASS 60. 
1733 Cordova Street- Los Angeles 7, California 


LL REpublic 3-9161 





WRITE OR CALL YOUR NEAREST REFRASIL REPRESENTATIVE - 


For more information, turn to Reader Service card, circle No. 491 
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HITCO HELPS INDUSTRY BEAT THE HEAT 





EASTERN: TOM KIMBERLY, 38 Crescent Circle, Cheshire, Conn., BRowning 2-6544 * MIDWEST: 
BURNIE L. WEDDLE, 3219 W. 29th. St., Indianapolis 22, Ind., WAlnut 5-8685 * SOUTHWEST: MARSHALL MORRIS, 3515 Covert Ave., Ft. Worth, Texas, WAinut 3 8098 * NORTHWEST: 
J. L. LARSEN, 5757 Oaklawn Place, Seattle, Wash., MOhawk 9311 * CANADIAN PLANT: THE H.1. THOMPSON co. OF CANADA LTD., 60 Johnston St., Guelph, Ontario, TAylc ‘ 
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FEUTRON* 


The Felts of the Future 


Eliminate virtually all problems encoun- 
tered with conventional materials in 3 
major reinforced plastic fields and are 
ideal for filtration, high temperature bear- 
ing seals, gasketing. The new FEUTRON 
mechanically interlocked felts, recently developed by 
American Felt Company, are of 100% synthetic fiber 
construction. Although particularly suited to the rein- 
forced plastic (low pressure) field their uses are practi- 
cally unlimited. 


The three reinforced plastic fields in which FEUTRON 
felts are especially suited: electrical and electronic 
equipment, as overlays in fiberglas mat reinforced bodies, 
where chemical or corrosion resistance is necessary. 


FEUTRON FACTS 


. Exceptional chemical resistance with thermal 
stability to 300F. 

. Non-hygroscopic and biologically stable. 

Produces a smooth, fiber-free surface in 

finished product. 

Three dimensional strength properties. 

Excellent uniformity of weight and thickness. 

Good draping and tailoring properties. 

Good resin pickup (wettability) due to large 

amount of fiber surface available. 

- Good resin-to-fiber adhesion. 

High strength and elongation properties which 

may eliminate the need for pre-forming in 

deep draw applications, and prevent tearing 

in vari-shaped molded applications. 

10. Excellent dielectrical properties. 


Nous on 


O o 


that are here today! 


FEUTRON FELTS are available in DACRON** ... 
ACRILAN*** .. . ORLON{... DYNELTT... 
NYLON ...ARNEL7{T{... VINYON{]... VICARAT} 


Investigate FEUTRON felts further, by sending for 
Technical Bulletin, making request on your firm’s 
letterhead. *Registered trademark 


**DuPont trademark for its polyester fiber 
**Acrylic fiber by Chemstrand 
+DuPont trademark for its acrylic fiber 

tfUnion Carbide’s acrylic fiber 

tttCelanese Corp. trademark for its tri-acetate fiber 

tUnion Carbide’s Copolymer of polyvinyl acetate 
and polyvinyl chloride 
tiVirginia Carolina Chemical Co. Zein Protein Fiber 


American Felt 
Company 


TRADE MARK 








GENERAL OFFICES: 24 GLENVILLE ROAD, GLENVILLE, CONNECTICUT 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Louis, Atlanta, Greenville, S. C., Dallas, 
Boynton Beach, Fia.; San Francisco, Los Angeles, Portland, San 
Diego, Seattle, Montreal.—PLANTS: Glenville, Conn.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. 1.—ENGI- 
NEERING AND RESEARCH LABORATORIES: Glenville, Conn. 


For more information, turn to Reader Service card, circle No. 493 
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Chromate Coatings. Allied Re- 
search Products, Inc., No. 157. Se- 
ries of data sheets on chromate 
conversion coatings used for cor- 
rosion protection, as a paint base, 
and for decorative finishing on mag- 


nesium, aluminum, copper, brass 
and bronze surfaces. Gives appli- 
cation data. (180) 
Protective Metal Finishes. 


American Chemical Paint Co., 8 
pp. Guide to chemical treatment 
of steel, iron, zinc, cadmium and 
aluminum. Lists metal products 
treated, object of coating, type of 
coating, method of application, and 
coating time and weight. (182) 


Rhodium Electroplating. Baker 
& Co., Inc., 20 pp, illus. Shows ap- 
plications of rhodium plating and 
discusses physical properties of the 
metal. (183) 


Protective Coatings. Ceilcote Co., 
8 pp, illus., No. C-150. Gives base 
formulations, chemical properties 
and adhesion characteristics of 
seven standard organic coatings. 
Includes simplified chart for select- 
ing coatings. (184) 


Decorator Flock. Cellusuede Prod- 
ucts, Inc., 10 pp, illus. Describes 
flock and how it is used as a deco- 
rative finish. (185) 


Chromizing Steel. Chromalloy 
Corp., 8 pp, illus., No. 34. Results 
of salt spray tests made on carbon, 
low alloy and stainless steels before 
and after Chromallizing. Briefly 
describes each test, listing the ma- 
terial, test procedure and results 
of the test. Also reports on a num- 
ber of case histories where Chro- 
mallizing is being used. (186) 


Metallic Coatings for Plastics. 
Coating Products. Attractive bro- 
chure describes the various coatings 
applied to plastics materials. Sam- 
ples included. (187) 


Nickel Plated Steel. Wickwire 
Spencer Steel Div., Colorado Fuel 
& Iron Corp., 12 pp. Describes 
electro-clad nickel plated products, 
manufacturing techniques and fab- 
rication procedures. (188) 


Chromate Sealer. Conversion 


Chemical Corp., No, P-40. How to 
use Kenvert No. 40, a chromate 
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sealer for protecting aluminum 


against corrosion. (189) 


Zinc Phosphate Coatings. De- 
trex Chemical Industries, Inc., 8 
pp, illus. Describes phosphate coat- 
ings used as a base to protect paint 
finishes under severe corrosion con- 
ditions, (190) 


Black Oxide Finish. Du-Lite 
Chemical Corp. Information on fin- 
ishes for steel blackening. (191) 


PVC Coatings. Firestone Plastics 
Co., 30 pp, illus. Information on 
six vinyl chloride resins for solu- 
tion coatings. Characteristics of 
each resin are described, and a 
graph shows the solubilities of 
these resins in methyl] ethyl ketone 
solvent. (192) 


Electroless Nickel Plating. Gen- 
eral American Transportation 
Corp. Describes Kanigen, a nickel 
plating process that does not re- 
quire electrical equipment. (193) 


Teflon Finishes. General Plastics 
Corp., 16 pp, illus. Four bulletins 
on the nonstick and physical prop- 
erties of Teflon. (194) 


Vinyl Lacquers. Davison Chemi- 
cal Co., Div. of W. R. Grace & 
Co., 5 pp. Technical bulletin on 
use of Syloid 244 for flatting vinyl 
lacquers to give low gloss. (195) 


Paints for Polystyrene. Logo, 
Inc., Div., Bee Chemical Co-, 1 p. 
Guide to selection of paints for 
polystyrene. Lists type of applica- 
tion, finish and thinner. (197) 


Multicolor Enamel. Maas & 
Waldstein Co., 2 pp, No. 520. Data 


sheet on industrial multicolor 
enamels. (198) 
Corrosion Prevention. Metalliz- 


ing Engineering Co., Inc., 4 pp, il- 
lus. Description of Metco systems 
and how these pure metallized zinc 
or aluminum coatings prevent cor- 
rosion. (200) 


Protective Coatings. Michigan 
Chrome & Chemical Co., 8 pp, illus. 
Describes coating materials for 
tanks, molds and fixtures used in 
plating systems. (201) 


Colored Silicone Finishes. Mid- 
land Industrial Finishes Co., illus. 
An interesting discussion of the 
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applications of colored silicone fin- 


ishes. (202) 


Urethane Coatings. Mobay Chem- 
ical Co., 55 pp, illus. Comprehen- 
sive manual on the preparation and 
use of Mondur/Multron urethane 
coatings in electrical applications. 

(203) 


Wrinkle Finishes. New Wrinkle, 
Inc., illus. Folder shows typical 
products utilizing Wrinkle finishes. 

(205) 


Ceramic Coatings. Norton Co., 
New Products Dept., 10 pp, illus., 
No. CP11.3. Compares physical 
properties of aluminum oxide, zir- 
conium silicate and zirconium oxide 
coatings with those of stainless 
steel. (206) 


Phosphate Coating. Parker Rust 
Proof Co., 4 pp, illus. Use of non- 
metallic Bonderite coating as a fin- 
ish on tabulators, typewriters, fur- 
naces and other products. (208) 


Plastisol Coatings. Reynolds 
Chemical Products Inc., 14 pp. Out- 
lines properties of plastisol coat- 
ings for plating racks, steel, bot- 
tles, gloves, ropes and wire. (209) 


Strippable Coating for Plastics. 
Spraylat Corp., 4 pp, illus, No. 
M-1. Describes a strippable plastics 
coating designed for protecting 
acrylics and other plastics surfaces. 
Lists advantages and shows typical 
applications. (210) 


Hard Surfacing Aluminum. 
Tiarco Corp., 4 pp, illus. Explains 
Hardalume process, a technique for 
providing a surface layer of hard 
chromium on aluminum. (211) 


Porous Chromium Coatings. 
Van der Horst Corp., 12 pp, illus. 
Describes oil retaining, wear re 
sistant chromium coating for bear- 
ing surfaces, cylinder walls and 
other applications. (212) 


Insulating Varnishes. Micarta 
Div., Westinghouse Electric Corp., 
No. B-1050. Lists technical data 
and applications for a line of elec- 
trical insulating materials. Gives 
properties of treated papers, organ- 
ic-varnished fabrics and combina- 
tion insulations, organic-varnished 
glass fabric insulation, and silicone 
treated insulations. (213) 
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Properties of Materials FINISHES AND COATINGS 


Hard Coatings and Surfaces 





Usual 
Thickness 
Range 


Type 


$ Hardness 


Major 
Characteristics 


Nature of 
Hard Surface 


Method of Application Basic Metals That 


Can Be Coated 





Hard Facing Hard alloys applied by va- 
riety of welding processes, 
including gas metal arc and 
atomic hydrogen arc. Sur- 
face of metal brought to 
melting point of hard facing | 
alloy. Parts may require | | 
preheat at 700-1200 F 


Carbon in solid, liquid or | Carbon and alloy steels | Case high in car- 
gas form introduced into | low enough in carbon | bon 

metal surface by heating | content (<0.45%) to 

both in contact at tempera- take up that element 

tures above transformation | readily 

range, generally 1450- | 
1750 F | | | | 
Nitrogen introduced into Case containing | 0.005- 

surface by heating metal in nitrides of various | 0.030 in. 

contact with ammonia or | medium carbon steels | alloying elements 

other nitrogeneous material | containing chromium 

at 930-1050 F |}and molybdenum, stainless and Ni- | ance to certain types 
stainless steels, some traloy 135 | of corrosion 

| cast irons | 


Practically all ferrous | Variety of ferrous 
metals. Some high- | and nonferrous al- 
melting nonferrous | loys 

aNoys 


Ye-Y in. | Wide range up to | High hardness com- 
Rockwell A90, | bined with varying 
depending on al- | degrees of resistance 
loy used | to abrasion impact, 

corrosion and heat, 
| depending on alfoy 
| used 


| Approx Rockwell | High strength and 
C62-64 | toughness in core can 
| be combined with ex- 
treme surface hard- 

ness 


0.005- 
0.25 in. 


Carburized 
Surface 





Approx Rockwell | High wear resistance, 
C63-64 for mo- retention of hardness 
| lybdenum steel; | at elevated tempera- 
15N92 for 416/| tures. Good resist- 


Nitrided Surtace Primarily special ni- 
triding steels. Also 











Carbon and nitrogen intro- 
duced into surface by heat- 
ing metal in liquid cyanide 
(cyaniding) or in carbo- 
naceous and .nitrogeneous 
(carbonitriding) both at | 
1200-1600 F 


Silicon introduced into sur- | Low carbon( <0.259%), Alloy case contain- | 0.005- | Rockwej! B80-85 | 
face by heating metal in| low sulfur (<0.04%) | ing up to 14% | 0.010in. | 

contact with silicon carbide | steels silicon | 
and chlorine at 1700-1850F | | 


Rockwell A80-81 in general, same as 
for SAE 1010 | for carburized cases 
steel 


Same steels as used | High carbon case | 0.003- 
| containing ni- | 0.020 in. 
| trides 


| | 
| 
| 


Cyanided 
or Carbonitrided 
Surface 


for carburizing 





—_ 


| 








High resistance to 
wear, heat, corrosion 


Siliconized . 
Surface 





Low and high carbon | High chromium | 0.5-2 mil | 1600-2300 Vick- | High resistance to 
steels, many alloy | stainless steel or ers for chromi- | wear, abrasion, cor- 
steels stainless steels, | chromium car- um carbide case | rosion 
containing powdered com- | tool steels, cast iron, | bide, depending | 
pound at 1500-1900 F iron powder parts | on metal compo- | 

| sition 








Chromium introduced into 
surface by heating metal in | 
contact with chromium- | 


Chromized 
Surface 











Surface structure changed | Any steel that can be | Hardened surface 
by heating surface only | hardened by conven-| structure. No 
with oxyacetylene flame | tional methods | change in chemi- 
above transformation | cal composition 
range, followed by 

quenching 


Flame 
Hardened 
Surface 


Surface structure changed | Medium carbon steels, | Same as flame 
by heating surface only by | gray cast iron, pear- | hardened surface 
means of electrical induc- | litic malleable and 

tion above transformation | nodular cast irons 

range, followed by| 

quenching 





Induction 
Hardened 
Surface 


| 0.06- 
| 0.25 in. 


' 


| Max ha 
| depends 


rdress 
on car- 


| bon content of 


base metal 


0.015- 


0.125 in. | depends 


on Car- 


High hardness, resis- 
tance to wear and 
abrasion 


Max hardness Same as for flame 


hardened surface 


bon content of | 
base metal 


| 


| 





Chromium Plate Electrodeposition of chro-| Iron, steel, copper, Chromium 
mium | nickel, zinc, alumi- | 
| num, magnesium, ti- 
| tanium, brass | 








Electrodeposition of nickel | Iron, steel, copper, | Nickel 
| zinc, aluminum, mag- 
nesium, brass 


Nickel Plate 





Rhodium Plate Electrodeposition of rho- | Most metals, including | Rhodium 
dium | gold, silver, electrical | 


| contact materials 


Approx 1 | Up to 1000 


| mil max | Brinell 


‘Up to % | 150-8 
in. 


-1025 


| High hardness, excel- 
lent corrosion resist- 
ance, low coefficient 
of friction, nongalling 
and nonwetting 





150-800 Vickers 


| 
|0.001- | 540to640Vickers 


| 1] mil 


| 





| Case consisting of 
oxides or other in- 
organic com- 


Hard Anodized 
Coating 


Most aluminum alloys 
and magnesium 


Surface converted to me- 
tallic oxide or other inor- 
ganic compound by electro- 
chemical process in which pounds of the 
base metal is made anode | base metal 


in electrolyte | 


| 1-5 mil 
methods 


| 





Metal or ceramic layer ap- 
plied by spraying molten or 
semimolten particles which 
fuse, cool and solidify on | aluminum or Zir- 
surface. Surface tempera- conium oxide, 
ture ranges up to 800 F | zirconium silicate, 
| tungsten carbide 


metals | irons and steels, 








| 


| ramics: 
0.005- | 
0.050 in. | 


| 
i 


| Approx | Difficult to assess 
by conventional 


| (20-gm toad) 


High wear, corrosion 
| resistance 





High hardness and 
wear resistance, at- 
tractive appearance 





Most commonly used | Bronze, various| Metals: |Up to 1350 
up to % | Vickers for tung- 
molybdenum, in. Ce- | sten carbide 


Better resistance to 
abrasion, erosion and 
| Corrosion than base 
metal 





Extremely wide range 
of surface properties, 
depending on coating 
material 
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Chemical Conversion Coatings 

















Metals That Can Be Coated = 



































































































































































































| } 
Purpose and Type Alumi-| Cad- Mag- Tita- 
& How the Coatings Compare num | mium iron jnesium) Silver} Steel nium | Zinc 
To Improve Paint Bonding 
Phosphate .| Rough crystalline structure provides excel- | | | 
lent paint adhesion. Better paint bond than | | : | 
chromate coatings. Corrosion confined to | | | 
limited area when paint film damaged...... x | xX | X | 0 | X X 
Chromate Provides high corrosion protection because | 
of nonporous structure. Paint adhesion gen- | | | 
erally not as good as with phosphate.......| X X | 0 | X | 0 0 | X 
To Improve Corrosion Resistance 
. : i 
PR Sc assctnnsseaaeas Provides equal or better corrosion protec- | | | | 
tion—at higher cost—than chromate....... X | X 0 
GUNS. ck ovcanasace Generally provides much better corrosion | | 
resistance than phosphate. Nonporous 
structure acts as moisture barrier. If coat- | | 
ing is broken, inhibiting action of soluble | 
chromate retards corrosion of basis metal...| X X, | O e | 0 0 x 
Phosphate Not generally used alone for corrosion pro- 
tection. When treated with oils, waxes or | 
stains, however, it provides good protection, | 
especially on ferrous surfaces............. X 0 x | | X X 
Oxide and Other.......... Do not provide as much protection as other 
conversion coatings, but cost is lower...... 0 0 0 | | 0 | 0 
For Decoration 
Chromate Available in wide variety of natural and | | | 
dyed colors. Colors are not as light-fast as | 
in colored anodic coatings................ X X X 0 | X 
Anodic. Can be colored with a large variety of dyes 
and pigments. Underlying metal can be used | 
to impart attractive metallic sheen. Sealing 
EI eT Te Ae | X X | 0 
Phosphate......... .| Little decorative value except when painted.| X X 0 ee. | X 
Oxide and Other... .. Black and blue-black coatings widely used 
to decorate ferrous, zinc and cadmium sur- | 
faces. Considerable number of colors pro- | | 
ducible on copper and aluminum.......... X X | X | X 
To Aid In Cold Forming 
i .  EPPPPPPrT Tite By preventing metal-to-metal contact, lu- 
bricated coating facilitates deep drawing, 
cold heading, extrusion, and wire and tube 
GRC SS SR an etre si X | X Xb 
Oxide and Other..........] Special coatings have been developed for | 
PL Reet Fete’ X ob 0ed Ribdvcksstssses | X 
To Improve Wear Resistance 
pe 
a Maintains continuous oil film between bear- | 
ing surfaces; prevents welding of surfaces 
iain. n) ieeken sock dais: X 
Anodic. Hard anodic coating with greater thickness 
and weight than conventional anodic coat- 
ings increases wear and abrasion resistance.| X x | 



































*X—Metale most commonly treated for purpose listed. 







O— Metals less commonly treated. 


>bElectroplates. 
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Chromium Electroplates 


FINISHES AND COATINGS 


TYPES OF PLATES 


Chromium electrodeposits consist of two principal 
types: decorative and hard chromium plates, and 
their modifications. Both principal types are de- 
posited from the same plating baths and are distin- 
guishable only by their different thicknesses. 


Decorative chromium. Decorative plates are quite 
thin (0.01-0.02 mil), are usually deposited over a 
nickel plate, and are used primarily because of their 
bright, nontarnishing finish. 


Some typical applications of decorative chromium 
plate are: automobile trim and hardware, plumbing 
fixtures, household appliances and hardware, sani- 
tary fixtures, tools and jewelry. 


Hard chromium. These coatings are comparatively 
thick (0.1 to 15 mils) and are used primarily in 
engineering applications because of their extreme 
hardness, low coefficient of friction, chemical resist- 
ance, and nongalling and nonwetting properties. 
Undercoats of nickel or copper are sometimes used 
for added corrosion resistance. 


Applications of hard chromium plate are quite 
extensive. Some principal applications are gages, 
tools and machine tool parts—both new parts and 
worn parts to be salvaged. Taps, drills, saws, milling 
cutters and burnishing tools have been successfully 
plated. Molds for plastics and rubber are plated to 
reduce wear and sticking and to improve product 
appearance. Gun barrels, pump shafts, engine cylin- 
ders, drawing dies, calender rolls and engraving dies 
are other applications. 


Porous chromium. This type of plate is essentially 
a hard chromium plate containing carefully con- 
trolled pits or channels designed to improve the 


PHYSICAL AND MECHANICAL PROPERTIES 


Cr cS dccccacsceceseatkeubaeboss 0.25 
Melting Point, F 
Ther Cond, Btu/hr/sq ft/°F/ft ; 
pees Teak, BOR sib/ °F... cccscccccscces 0.1039 
Coef of Ther Exp, per °F 14.6 x 10° 
Reflectivity, % 
Visible Light 
Ultraviolet Light 
Infrared Light 
Elec Resistivity (82 F), microhm-cm 
As Deposited 
After Annealing 
Hardness (Brinell) 
Sliding Coef of Friction 
Cr-Plated Steel vs Cr-Plate Steel ............. 0.12 
Cr-Plated Steel vs Babbitt .................6. 0.13 
CoP rene GOOG WE HOOEE oi osccccis ec ccccnwcses 0.16 


lubrication properties of bearing surfaces. Plates 
range in thickness from 3 to 15 mils. Beneath its 
outer surface the plate is no more porous than 
ordinary hard chromium plate. 

Porous chromium plate consists of three principal 
types: mechanical, pit and channel. The mechanical 
type is produced by hard chromium plating and 
subsequently polishing a roughened, cut or engraved 
basis metal. The polished tops of the grains form 
the bearing surface and the depressions between the 
grains hold the lubricating oil. The pit and channel 
types are produced by chemical or electrochemical 
etching of the chromium deposit. Plating conditions 
are controlled to produce latent chromium deposits 
predisposed to the development of a particular size 
and type of network pattern during etching. 

The pit or pocket type of porous plate is generally 
used on diesel engine cylinders and industrial gaso- 
line and gas engines, pumps and compressors. The 
channel type of deposit is generally used on aircraft 
cylinders. Thickness and porosity of both types of 
deposits depend on the size and type of engine. 


Crack-free chromium. Crack-free plates, deposited in 
self-regulating baths, have recently achieved con- 
siderable importance. These plates have two principal 
advantages: 1) their dense, uniform, crack-free 
structure provides excellent resistance to corrosion 
and thermal shock, and 2) self-regulation of the 
bath practically eliminates maintenance problems. 
In many applications the coating can be deposited 
directly on the basis metal without prior nickel or 
copper plating. Deposits are producible in a bright 
or gray, matte finish. Applications for crack-free 
plate are generally the same as for decorative and 
hard chromium plates. 


BASIS METALS PLATED 


Nickel and its alloys 
Titanium and its alloys 
Zine and its alloys 


Aluminum and its alloys 
Copper and its alloys 
Iron and steel 
Magnesium alloys 


TREATMENT AFTER PLATING 


Recent work indicates that heat treatment may 
not be desirable in applications where fatigue is a 
factor. In some applications, however, heat treatment 
may be required to relieve strains caused by occluded 
hydrogen. For example, hardened high carbon steel 
parts of thin cross section, such as steel tools, gen- 
erally require heat treatment after plating. Parts 
are placed in an oil bath or oven at 250-350 F for 
1 to 3 hr. Immersion in boiling water for extended 
periods has also proved effective. 
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Decorative plate. In general, bright nickel work 
that does not require buffing can be placed, still wet, 
dtvwectly in the chromium plating solution. Buffed 
surfaces, however, must be cleaned to remove grease, 
dirt and oxide films. Cleaning is performed as fol- 
lows: 


1. Electrolytic alkaline cleaning with basis metal 
as cathode. Treatment performed at 6-12 v and 
175-200 F long enough to remove dirt and 
grease. 


2. Warm water rinse (120 to 160 F). 
Cold water rinse. 


Acid dip at room temperature to remove sur- 
face oxide. Treatment can be performed in 
sulfuric acid (20% by vol) solution; in muriatic 
acid (30-50%) solution; or by using basis metal 
as cathode (4-6 v) in electrolytic sulfuric acid 
(5%) solution. 
5. Cold water rinse. 
Hard chromium plate. Basis metal pretreatment is 
especially important for hard chromium plates since 
the coating does not fill in pits and scratches and 
tends to reproduce the surface on which it is de- 
posited. Though no definite sequence of operations 
can be given for all types of work, the following 
pretreatment is typical for ferrous surfaces: 


PLATING BATHS 


Conventional chromium plating baths contain only two essential con- 


BASIS METAL PRETREATMENT 


1. Preliminary grinding to remove scale, pits and 
scratches. (This step is not required for smooth 
surfaces.) 


2. Preliminary cleaning by vapor degreasing or 
washing in petroleum spirits to remove oil or 
grease. 


3. Electrolytic cleaning in hot alkali cleaner. 
4. Cold water rinse. 


5. Electrolytic etch to remove light rust and other 
iron compounds, and to produce a slightly 
roughened surface that will promote adhesion 
of chromium. Sulfuric or chromic acids are 
most commonly used; if shape of parts causes 
entrapment of sulfuric acid with consequent 
danger of contaminating chromium plating 
bath, chromic acid etch may be preferred. Parts 
may be transferred directly from chromic acid 
bath without rinsing. 

Etching is sometimes produced in chromium 
plating bath by reversing current so that work 
is made anodic. After etching (about 44-1 min), 
current is reversed and plating started. Thin 
oxide films can also be removed by dipping work 
in dilute sulfuric or hydrochloric acids. This 
method does not appreciably dull the luster of 
highly polished surfaces; however, it does not 
promote adhesion as well as other etches. 


7 


Finishes 


THICKNESS OF DEPOSITS Coating 


In general, thickness of plates 







stituents: chromic acid and a sulfate catalyst acid radical. Successful 
deposition is determined by the weight ratio of chromic acid to sulfate; 
this ratio should be kept between 50:1 and 250:1, preferably at about 
100:1. Too small a catalyst content can result in no deposition at all 
or else produce brown oxide stain. Similarly, too high a catalyst content 
produces a bath with poor or no throwing power. Two typical formu- 
lations are: 


Concentrated Dilute 








2 


Chromic acid (CrO;)...53 0oz/gal Chromic acid ..........35 0z/gal 
A ey oe 0.53 oz/gal ee 0.33 0z/gal 


The dilute bath has a slightly higher current efficiency than the 
concentrated bath. However, because of its lower conductivity, the dilute 
bath usually requires a higher voltage for a given current density. 
Also, because of its low sulfate content, the dilute bath is more sensitive 
to the addition or removal of catalyst from drag-in and drag-out. 

A self-regulating high speed chromium plating solution is gaining 
wide acceptance, especially for high production decorative plating using 
automatic equipment. It consists of a proprietary solution containing 
mixed acid radicals which automatically regulate themselves. The high 
cathode current efficiencies and the bright plates produced at. high 
current densities result in high plating rates—more than twice those 
of conventional solutions, it is claimed. 


for decorative applications ranges 
from 0.01 to 0.02 mil. Following 
are some typical thickness recom- 


mendations (in mils) for hard 
chromium deposits: 
NS ass eh bak oe 8 Oke 0.05-0.5 
Teer eee 0.1-0.5 
Burnishing bars........ 0.5-3.0 
Drawing plugs, 

EE Soka seeasad 1.5-8.0 
Drawing dies .......... 0.5-8.0 
SE Sted kscennnn ee 0.1-1.5 
oo ee 0.5-3.0 
HOME, GUMS «4.000055 0.25-12.0 
Hydraulicrams ........ 0.5-4.0 
Printing plates 

(engraved steel) ..... 0.2-0.5 
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FINISHES AND COATINGS 


COMMONLY USED PLATING BATHS 


Watts. The Watts type bath is the most commonly used 
plating bath and is very flexible with respect to compo- 
sition, current density and temperature. The bath is 
used to obtain a decorative matte finish or a bright finish 
subsequent to polishing or buffing. It is also used to build 
up worn or mismachined parts that are subject to wear. 
Relatively thick deposits are used for electroforming and 
to prevent corrosion of steel pipe and other equipment 
used for the processing of chemicals, petroleum and foods. 
The baths are usually grouped into two classifications on 
the basis of cperating pH: 


HighpH Low pH 





Nickel sulfate, oz/gal 32 44 
Nickel chloride, oz/gal 6 6 
Boric acid, 0z/gal 4 5 
pH 4.5-6.0 1.5-4.5 
Temperature, F 115-160 115-140 
Current density, amp/sq ft 20-100 25-100 


Advantages of the low pH bath (commonly known as 
the soft nickel bath or general purpose bath) over the 
high pH bath are: 1) higher current densities (resulting 
in increased output) can be used without causing deposit 
peeling or cracking; and 2) improved anode efficiency 
decreases nickel salt consumption. Disadvantages of the 
low pH bath are: 1) lower throwing power at low cur- 
rent densities; 2) tendency to pit at some points in the 
pH range; and 3) lower cathode efficiency. 


Chioride-sulfate. This bath produces deposits with 
modified characteristics of the Watts type and all- 
chloride baths: 


Nickel sulfate, oz/gal 26 pH 1.5 
Nickel chloride, oz/gal 23 Temperature, F 115 
Boric acid, 0z/gal 5.3 Current density, 

amp/sq ft 25-100 


The increased chloride concentration produces a 
smoother, finer grained, more easily buffed deposit with 
less tendency to pit than the Watts bath. The bath can 
also be operated at lower voltages and higher current 
densities at greater cathode efficiency. Advantages 
claimed over the all-chloride bath are a more ductile 
deposit, easier pH control, simpler purification, and com- 
patibility with available organic brighteners. 


Hard nickel. This bath is used primarily when a de- 
posit is needed which is tougher and less liable to crack 
and peel than chromium and where the extreme hardness 
of chromium is not essential. Deposits possess high 
resistance to wear and corrosion and are adaptable to 
conventional machining practices. If a heavy deposit 
with an extremely hard surface is required, a dual layer 
of hard nickel followed by chromium can be used. 


Nickel sulfate, oz/gal 24 pH 5.6-5.9 

Ammonium chloride, Temperature, F 110-140 
oz/gal 3.3 Current density, 

Boric acid, 0z/gal 4.0 amp/sq ft 25-50 


THICKNESS OF DEPOSITS 


Decorative applications: up to 0.5 mil 
Corrosive applications: 3 to 15 mils 
Applications to improve wear resistance: 0.002 to %4 in. 


PHYSICAL AND MECHANICAL PROPERTIES 


DI TFA Te oc ccc ct vesecessescacecess 0.322 
8 PPPPPTETELL ULE TEE Ee 8.9 
Me FENG, Files cc cccsccwecccccctnccces 2640 
Specific Heat (32-212 F), Btu/Ib/*F ........... 0.11 
Coef of Thermal Expansion 

Ee PPP eee 7.5x10° 
Ther Cond (32-212 F), 

ES a ro eS 470 
Electrical Resistivity (68 F), microhm-cm ....... 7.0 








Modulus of Elasticity in Tension, psi.......30x 10° 
Tensile Strength, psi 
MOEN os cece ccns dead se Séuad 51,000 
Hard Bright Deposits ............... 140-160,000 
Elongation (in 2 in.), % 
a eas 5.64 Seek REMResak oa dws 30 
EE ono sven ccveseessiseveteessens 10 
Vickers Hardness 
EA PON Tee eT Pee eee ee 150 


i EE: wed cic b'. ods ORG SO eh ob N bes 
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RECOMMENDED BASIS METAL PRETREATMENT ‘* 








Sequence of Pretreatment Operations 














i 
| Application 
Basis Metal | Decorative | Industrial 
Aluminum ini x D 
Brass. | XxX 
Brass. . xX 
Cast Iron X xX 
Copper X 
Copper.... x 
Copper Alloys | X 
| 
Inconel | xX X 
Monel. . | xX xX 
Nickel (wrought) | Xx 
Nickel (electrolytic) | xX | xX 
Nickel-lron Alloys | X X 
Steels (carbon) | =X | 
Steels (carbon) X 
} 

Steels (nickel) | xX | X 

| 
Steels (stainless) X | X 
Steels (tungsten)... X X 

P } 
Tin or Tinplate | X X 
a <j X X 








Two general classes of pretreatment processes available : 
1) application of immersion deposits (such as zincate 
process); and 2) variations of anodizing (such as phos- 
phoric acid anodizing process) 

Degreasing + cathodic and anodic alkaline cleaning + 
cold water rinse + hydrochloric acid dip + cold rinse 
Degreasing + cathodic alkaline cleaning + pumice 
scrub + cold rinse + nitric acid dip 

Degreasing + cathodic and anodic alkaline cleaning +- 
cold rinse + anodic sulfuric acid treatment 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + sodium cyanide dip + cold rinse + cold 
sulfuric acid dip + cold rinse 

Degreasing + cathodic alkaline cleaning + pumice 
scrub + cold rinse + nitric acid dip + cold rinse 
Degreasing + cathodic alkaline cleaning + pumice 
scrub + cold rinse + etch in cold solution of nitric- 
sulfuric-hydrochloric acid + cold rinse + dip in sodium 
hydroxide and potassium persulfate solution + cold 
rinse + short dip in 1% (by vol) sulfuric acid solution 
+ cold rinse 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + treatment in acid nickel chloride solution 
Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + anodic sulfuric acid treatment + cold rinse 
Degreasing + cathodic alkaline cleaning + pumice 
scrub + cold rinse + anodic alkaline cleaning + cold 
rinse + anodic sulfuric acid treatment 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + treatment in low pH Watts type or all- 
chloride nickel bath + cold rinse 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + anodic sulfuric acid treatment 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + hydrochloric acid dip + cold rinse 
Degreasing + cathodic alkaline cleaning + pumice 
scrub + cold rinse + anodic alkaline cleaning + cold 
rinse + anodic sulfuric acid treatment + cold rinse 
Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + anodic sulfuric acid treatment + cold rinse 
Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + treatment in acid nickel chloride solution 
Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + anodic sulfuric acid treatment + cold rinse 
+ treatment in acid nickel chloride solution (cathodic 
only) 

Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + cyanide copper plating + cold rinse + 
acid ammonium citrate solution treatment + cold rinse 
Treatment in solvent degreaser or emulsion slush 
cleaner + soak cleaning + warm water rinse + anodic 
cleaning + cold water rinse + dip in 2% sulfuric acid 
solution + cold water rinse + copper plate + cold 
water rinse 





*Basis metai surface should be smooth and 


from last pretreatment operation to plating bath is recommended. 


free of scale and tarnish. Rapid transfer of parts 
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USES 


Because of their good corrosion re- 
sistance and favorable physical and 
mechanical properties, nickel electro- 
deposits are used in numerous and 
diverse applications. Principal among 
the applications for nickel electro- 
deposits are: 1) decorative and in- 
dustrial corrosion resistant coatings 
in matte, semibright and bright fin- 
ishes; 2) coatings to build up worn 
or mismachined parts; 3) electro- 
formed parts; and 4) coatings for 
nonconductors. 


BASIS METALS PLATED 


Aluminum and its alloys 

Beryllium copper 

Brass 

Cast iron 

Copper and its alloys 

Inconel 

Magnesium 

Monel 

Nickel (wrought and electrolytic) 

Nickel-iron alloys 

Nickel silver 

Pewter 

Lead-base alloys 

Steel (carbon, nickel, tungsten and 
stainless 


Tin and tinplate Fe 


Finishe: 
Coatin 


















Properties of Materials 


Organic Coatings 


e FINISHES AND COATINGS 













































Type »> Vinyl-Alkyd | Vinyl Silicone-Alkyd | Epoxy 
(approx 1:1 ratio) | (100%) | (approx 1:1 ratio) | (100%) 
CHEMICAL RESISTANCE | 
Exterior and Salt Spray....................... Excellent Very good Excellent Excellent 
Solvents 
ES a ee en ae ne Good Excellent | Fair Excellent 
ES ere ree rer or ree Excellent | Excellent Excellent after bake | Excellent 
EE ee OL ee Poor Good Poor | Excellent 
ac as shadedais eaec cys Poor Poor Poor Fair 
Chlorinated Solvents.....................-. Poor Poor Poor Excellent 
EE re ae Fair Excellent Poor Excellent 
ESE ee Fair Excellent Poor Excellent 
Salts (all concentrations)...................... Good Excellent Fair Excellent 
Alkalis—Strong 
ES er eee Good to 10% at rm} Excellent to 180 F Poor Excellent 
temp 
or ses oa bs vs cs db uxdewed Poor Excellent to 180 F Poor Excellent 
Ammonia............ Oe POU Wh oie shad Poor Excellent—fumes, Poor Poor 
good—immersion | 
Mineral Acids 
a ee a Very good Excellent Good Excellent 
5 Good Excellent Poor Very good 
Sa. odin ica db bak ow eae Poor Good Poor Good 
Oxidizing Acids 
Se Poor Excellent Poor Good 
ES 4 Poor Very good Poor Poor 
SS EG Poor Good Poor Poor 
Organic Acids (acetic, formic, etc.) 
ec. ccna tdnémeedieesees Good Excellent Poor Good 
A ee Fair | Poor Poor Fair 
a ae is edn n aning Poor | Poor Poor Poor 
Organic Acids (oleic, stearic, lactic, etc., all conc). Excellent Excellent | Good Excellent 
Cee eauheaan Fair Excellent Poor Poor 
Water—Solt, Frogh...........ccccccceccccees Excellent | Excellent | Good Very good 
_ - en — | SE SaaS —_———$—— ———— 
PHYSICAL PROPERTIES | | 
Sward Rocker Hardness (after 7 days).......... 26 20 | 16 | 36 
in uit ch cueneben aes enkupwote Very good | Excellent Good Excellent 
Abrasion Resistance (Taber CS-10 wheel), cycles. 2500 > 5000 1000 > 5000 
een 200 180 1000 400 
Adhesion to: 
Wood, Masonry..................... —r Excellent Excellent Excellent Very good 
A Pee ee eee Very good Very good over wash Very good Excellent 
coat primer 
NE ids cans Cou vad oinwla Very good over wash | Very good over wash Fair Excellent 
coat primer coat primer 
ER Uh ia bes dnehdca6esnee cd’ Good Poor Excellent Poor 
APPLICATION 
ELE Dries faster than or- Like lacquer | Like ordinary paints | Catalyst addition re- 
dinary paints quired 
Metal Surface Preparation.................... Primer Primer No primer No primer 
Solvent for Application....................... Ketone Ketone Mineral spirits or Ketone 
turpentine 
Drying Times 
Cs 5 Fis o's a nhieu bein ke aba based ba Gee 15 min 15 min 45 min 45° min 
EE iss So. A sins cule ach 6 wien aa eden ole 2 hr 30 min 2 hr 2 hr 
SE 4 au deiakkhsansbaerias sae cdacdaee 6-8 hr 4-6 hr 12 hr 12 hr 
i oS are aan diy wicihiil 4-6 hr 4-6 hr 4-6 hr 6-8 hr 
Corrosion Resistance. ...................0.. 6 hr 24 hr 12 hr 7-10.days 
Coverage, sq ft/gal/l-mil coat................. 300 250 500 450 
Cost, ¢/sq ft/l-mil coat...................... 1% 2% 2% 2 
Thickness per Coat (avg), mil................. 1.2 1.0 0.6 1.8 
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Organic Coatings—concluded 






































| 
Type » Epoxy-Phenolic | Chiorinated Fluorccarbon 
(approx 1:1 ratio) | Rubber | (air dried) 
CHEMICAL RESISTANCE | | 
Exterior and Salt Spray............. ; Excellent | Very good Good 
Solvents 
RES ere re | Excellent Fair | Fair 
Sd oh sag vere ¥ 6484 vA vik os Excellent Good | Fair 
ae “3 Excellent Poor Poor 
ey as! cvs cwasvedececes Excellent Poor Poor 
Chlorinated Solvents................. Excellent Poor | Poor 
I gon uidiln lib advices cea Excellent Fair | Excellent 
TS eT Saree Excellent Fair Excellent 
Salts (all concentrations)............... Excellent Excellent Excellent 
Alkalis—Strong 
Dilute (up to 20%)................... Excellent Excellent to 10%, good | Excellent to 212 F 
to 20% up to 212 F 
fe’. | Excellent Fair to 212 F Excellent to 212 F 
PIS acicivsccscass Very good Very good—fumes, fair Excellent 
—immersion 
Mineral Acids | 
Dilute (up to 10%)................... Excellent Excellent Excellent 
Medium (10-30%)... .........00.0... Excellent Good Excellent 
Se Excellent Poor Excellent 
Oxidizing Acids 
Dilute (up to 10%)................. Excellent Excellent Excellent 
Medium (10-30%). .................. Very good Good Excellent 
OM iy cd vack Cadiise sss on Poor Poor Excellent 
Organic Acids (acetic, formic, etc.) 
Dilute (up to 10%)................... Excellent Good Excellent 
Medium (10-30%). ............... Excellent Poor Excellent 
ae Very good Poor Excellent 
Organic Acids (oleic, stearic, lactic, etc., 
er Excellent Excellent Excellent 
Phosphoric Acid................... Excellent | Good | Excellent 
Water—Salt, Fresh................ Excellent Very good Excellent 
PHYSICAL PROPERTIES 
Sward Rocker Hardness (after 7 days)... 44 24 | 20 
EEE ee eee Excellent Very good | Excellent 
Abrasion Resistance (Taber CS-10 wheel), 
SER ea ee ee > 5000 > 5000 | 1000 
Max Rec Svc Temp, F.............. 400 250 212 
Adhesion to: 
Wood, Masonry.................... Very good Excellent Excellent 
NS ok os vadnbendnowes ; Excellent Very good Very good over wash 
coat primer 
Nonferrous Metals................... Excellent Very good ever wash | Very good over wash 
coat primer coat primer 
al 20 bs sc Di he eaeeV¥as 38 Poor Excellent Poor 
APPLICATION 
anes oF Application. .......5..5.......... Like ordinary baking | Like ordinary paints Like lacquer 
enamels 
Metal Surface Preparation............... No primer No primer Primer 
Solvent for Application.................. Blend of ketone and | Aromatic hydrocarbon | Proprietary solvent 
alcohol 
Drying Times 
A ee oe are Bake only 45 min 5 min 
NR C025). yoked ddaksce a’ 10 min at 450 F, or 2 hr 15 min 
RN ier, kl, ae gs 0 xc 30 min at 400;F, or 4-6 hr 12 hr 
NN a i bi Ota 4 on 60 min at 350 F, or 4-6 hr 12 hr 
Corrosion Resistance.................. 120 min at 310 F 24 hr 12 hr 
Coverage, sq ft/gal /l-mil coat............ 450 450 250 
Cost, ¢/sq ft/l-mil coat................. 1% 1% 15 
Thickness per Coat (avg) mil............. 1.8 1.5 1.0 
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Porcelain Enamels 


COMPOSITION 


Porcelain enamel coatings are formulated for 
specific applications. They consist essentially of oxide 
color pigments, opacifiers and gases colloidally dis- 
persed in fused silicates. They are smooth, hard and 
lustrous, and resist temperatures as high as 1000 F 
(except on aluminum). They may be formulated to 
provide an attractive, easily cleaned, durable finish; 
a chemical resistant barrier; or a wear resistant 
surface. 

The enamels generally comprise one, two or three 
layers. The first layer on ferrous metals is usually 
a 3 to 4-mil “ground coat” (analogous to an organic 
primer) containing an oxide of cobalt, nickel or 
molybdenum that promotes good adhesion with the 
base metal. Where appearance is not important a 
ground coat may be uscd alone; but ordinarily it is 
followed by one or two 8 to 4-mil top coats, depending 
on the thickness required to achieve the desired 
opacity or protection. 

Two general types of porcelain enamel] frits are 
most widely used. Titanium types—so called because 
titanium dioxide is the opacifier—are preferred for 
white coatings because of their high covering power 
which makes necessary only a single 3 to 4-mil top 
coat. These relatively thin coatings (about 7 mils 
with a ground coat) have good acid resistance; good 
abrasion resistance; and good resistance to chipping 
during shearing, bending, punching and other fabri- 
cating operations. Titanium coatings can also be used 
for light or pastel colors, but where deep, bright 
colors are desired, acid resistant antimony type coat- 
ings are used. These coatings do not have the cover- 
ing power of titanium types and require two 3 to 
4-mil top coats for good appearance. They are also 
less abrasion resistant than titanium types. 

Frits for aluminum and aluminized steel contain 
lead and are softer than conventional enamels. Lead- 
free frits are undergoing field tests. 


BASE METALS 


Enameling iron. Ingot iron specially made for enam- 
eling. Produced in several grades suitable for various 
degrees of drawing or spinning. Good resistance to 
sagging and warping during firing. Produces mini- 
mum of surface defects in enamel. 


Mild steel. Open hearth rimmed steel sheets such as 
AISI 1008 and 1010. Available in drawing quality 
grade. Likely to produce surface defects in enamel. 
Poor resistance to sagging and warping during firing. 


Titanium enameling steel. Basic open hearth steel 
containing enough titanium to combine with and 
stabilize the carbon. Better drawing quality than 
enameling iron but somewhat inferior to the best 
deep drawn grades of mild steel. Yield strength 
comparable to that of enameling iron. Excellent sag 
resistance. Can be coated directly with white cover- 
coat enamels, making possible thin coatings. Expen- 
sive and somewhat limited in supply. 





FINISHES AND COATINGS 


Cast iron. Typical satisfactory composition: 2.50 sili- 
con, 0.70 phosphorus, 0.60 manganese, 0.08 sulfur, 
3.00 free carbon and 0.40% combined carbon. Must 
have reasonably dense and uniform structure and 
be free from porosity, slag inclusions and segregation. 
Should be capable of developing a fairly smooth 
surface when sandblasted. 


Aluminum. Includes wrought 1100, 3008, 6053 and 
6061, and cast 48. Used for light weight, workability 
and resistance to edge corrosion. Can be cut without 
spalling after enameling. Requires prior surface 
treatment. 


Aluminized steel. Combines strength, rigidity and 
sag resistance of steel with much of the workability 
and corrosion resistance of enameled aluminum. 
Requires no prior surface treatment. 


Stainless steel. Not commercially important at pres- 
ent, but promising because of its corrosion resistance 
and the fact that, unlike aluminum, stainless enam- 
eled on only one side does not require straightening 
after firing. 


APPEARANCE 


Color. Strongest, brightest colors are obtained in 
clear glasses, and some desirable colors such as the 
cadmium-selenium reds and oranges and the cadmium 
yellows can be obtained only in clear glasses. Mod- 
erately strong to bright colors can be obtained with 
semi-opaque antimony and zirconium frits. 

Light to moderately strong colors are obtained 
with reduced opacity or “semi-opaque” titanium frits. 
Most stable colors are ivory-yellow, yellow, yellow- 
brown and blue-green; however, pink, gray and other 
popular decorator colors are currently in production 
even though some, notably pink, require very expen- 
sive raw materials. Semi-opaque enamels are applied 
about 20% thicker than standard white enamels. 
Weak or light pastel colors can be obtained with 
opaque titanium frits. Crimson to purple range of 
colors is still virtually impossible to obtain satisfac- 
torily. 

Metallic finishes such as copper, bronze, gold 
and gunmetal can be produced by some enamelers. 
Speckled finishes, once limited to white on dark blue 
or black, are now available in a greater variety of 
colors and designs. A wide range of luminescent 
colors that glow in ultraviolet light can be produced. 

Precolored frits, once available only in intense 
blues and blacks, are now available in blue-green and 
in several lighter colors. 


Pattern. Available in wood grain and marble-like 
patterns, in speckled designs, and in various other 


novelty patterns. 


Texture. Ranges from extremely high gloss to a dull, 
full matte. Both glossy and matte finishes can be 
obtained in colors. 


Opacity. Varies with color. White enamels usually 
require reflectance of 70 to 80% for satisfactory 
hiding power. 
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THICKNESS 


The conventional porcelain enamel coating on steel 
consists of a ground coat and a cover coat having a 
total thickness of 7-8 mils. Enamel coatings on heavy 
castings are sometimes much thicker (up to 25 mils). 
Thinner coatings can be achieved by using special 
enamels, special base metals, or special surface 
treatments prior to enameling. For example, single 
coats of 3-4 mils are used on aluminum and alumi- 
nized steel. Titanium-bearing steel requires only a 
single coat. Some of the low firing enamels (i.e., 
enamels fired at temperatures as low as 1250 F) 
can be applied in a single coat. Promising surface 
treatments include application of a phosphate coating, 
and etching or blasting followed by electroless nickel 
plating. 


APPLICATION METHODS 


Porcelain enamel coatings are applied by hand 
spraying, hand dipping, automatic spraying, auto- 
matic dipping and flow coating. 

Automatic spraying provides more uniform coat- 
ings than hand spraying, reducing the amount of 
enamel needed to insure a specified minimum thick- 
ness. Electrostatic spraying reduces overspraying, 
producing potentially significant materials savings, 
— where expensive colored enamels are 
used. 

Mechanized dipping, relatively new, is more adapt- 
able to complex parts than automatic spraying. Flow 
coating is particularly advantageous for large cylin- 
drical parts. Flow coated enamels are thinner at the 
top of the part and are prone to drain streaks. 

Firing temperatures of ground coats range from 
1600 to 1700 F. Firing temperatures of conventional 
cover coats on steel range from 1350 to 1500 F. 
Some of the new low firing enamels mature at tem- 
peratures as low as 1250 F. Enamels for aluminum 
are fired at about 1000 F. 


CHEMICAL RESISTANCE 


Acid resistance at room temperature. Enamels are 
rated AA, A, B, C or D, depending on their perform- 
ance in the standard PEI T-7 or ASTM C 282 test. 
An enamel surface is exposed to a 10% solution of 
citric acid for 15 min at 80 F. The enamel is rated 
according to the appearance of the attacked area 
and the extent to which it retains a soil. Enamels 
with an acid resistance rating of A or above are 
usually specified where acid resistance is required. 


Boiling acid resistance. Measured as weight loss of 
specimen exposed to boiling 6% solution of citric acid 
for 2% hr (ACTM C 283). 


Weathering resistance. Porcelain enamels that have 
acid resistance of at least Class B are usually able 
to withstand weathering for many years without 
becoming objectionably faded or etched. Enamels of 
less than Class B acid resistance usually exhibit poor 






weathering resistance. Certain AA acid resistance 
enamels containing a cadmium-selenium pigment 
appear to have poor weathering resistance. 


Alkali resistance. Enamels with good alkali resist- 
ance are available. No standard test exists, but a 
test widely used consists of measuring the loss in 
weight and gloss after exposure to a hot sodium 
pyrophosphate solution. 


PHYSICAL AND MECHANICAL PROPERTIES 


Abrasion resistance. Porcelain enamels combine a 
Mohs hardness of 4 to 6 with an exceptionally smooth 
surface, resulting in good resistance to scratching 
and abrasion. Abrasion resistance of a porcelain 
enamel is determined by abrading a specimen for a 
given time with an abrasive charge of grit, steel 
balls and water. 

Surface abrasion resistance is an index of enamel’s 
ability to retain its appearance after being subjected 
to abrasion at or near the surface. Index is percen- 
tage of original gloss retained after specimen has 
been abraded for about 5 min (PEI T-2). 

Subsurface abrasion resistance is index of enamel’s 
ability to protect underlying metal from exposure. 
Index consists of rate of weight loss over three 
successive 15-min abrasion periods (PEI T-2). 


Torsion resistance. Torsion resistance is better in 
softer enamels and thinner coatings. It is determined 
by twisting enameled metal angle until enamel fails 
along apex. Angle of twist at which failure occurs 
is index of resistance to torsion (PEI T-5). 


Adherence. Ability of enamel to protect base metal 
after it has been exposed to deformation is measured 
by adherence index. Index is determined by deforming 
an enameled metal specimen, then measuring relative 
areas of exposed metal and adhering enamel (PEI 
T-17, ASTM C 313). 


Thermal shock resistance. Porcelain enamels do not 
normally fail from thermal shock unless they are 
cooled very rapidly from a high temperature. Coat- 
ings quenched with water may crack or spall. Thin 
coatings stand up much better than thick coatings. 
A standard test is under consideration by PEI, and 
a standard test for enameled kitchenware has been 
adopted by ASTM. 


Thermal expansion. Thermal coefficient of expansion 
of an enamel should be such that from the firing tem- 
perature to the temperature of solidification no undue 
strains are set up between coating and base metal. 
In general, coefficient of expansion of enamels for 
flatware should be slightly greater than that of the 
base metal, and coefficient of enamels for cast iron 
should be close to that of the casting. 


Heat resistance. Most enamels soften at about their 
firing temperature, but limiting service temperature 
is considerably lower and ranges from about 600 to 
1000 F, depending on the application. In some cases 
service temperatures are limited by local strains set 
up as a result of differences in thermal expansion. 
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Clad and Precoated Metals 





















































Base Metal | Coating or Cladding 
Surface eS Ns a Ao ee eee Critical 
Functions, Typical Applications 
+ Metal Form How Thickness, Properties 
Applied | Finish | 
| | | 
Aluminum and Its Alleys 

Aluminum Steel, low car- | Sheet, strip, Hot dipped | 0.001 in. on each | High heat reflectivity. High | Oven door liners, aircraft firs 
bon or copper- | 0.016—0.112 side (0.50 oz/sq | temperature oxidation resist- | walls, auto mufflers, broiler 
bearing in. ft) | ance. Forms refractory iron- | parts, baffles for space 
aluminum alloy at 1000 F.| heaters, toaster inner parts, 
Strong, low cost base | water heater casings, jet en- 

















| gine parts 


Atmosphere resistance. Gal- | Guy wires, span wires, over- 
































































































































Aluminum Steel (ASTM | Strand, 7-wire, | Hot dipped 0.40-1.00 oz/sq 
A 122) %-% in. ft (Class A) vanic protection. Strong | head ground wires 
base. Longer life than zinc | 
| coated steel 
Aluminum *® Steel, low car- | Strip, 0.005 Clad by pressing, | 10% of thickness | High temperature oxidation | Anode plates for electronic 
bon in., annealed rolling on each side resistance. At 1000 F forms | receiving tubes 
gray iron-aluminum alloy | 
that gives 85% black body | 
radiation. Cheaper than car- | 
| | bonized nickel or nickel-clad | 
steel. Conserves nickel 
Aluminum >» Steel, low car- | Same as above | Clad by pressing, Same as above Same as above, but suitable | Anode plates for electronic 
bon rolling for higher ambient tempera- | receiving tubes where close 
tures tube spacing makes external 
| temperature too high for alu- 
| | minum 
1100 Aluminum | Sheet, 0.016-| Clad by direct | 2-15% of thick- | Atmosphere resistance. Gal- | Military and commercial air- 
(2024) 0.250 in., O or | rolling or casting, | ness vanic protection. Strong | craft frames, cooking utensils, 
T3 rolling base hardware 
——2?$ $$$ | —____ — we? a860 a ae é amined 
“ 6053 Aluminum | Sheet, 0.015- | Clad by direct | Same as above | Atmosphere resistance. Gal- | Power shovel bails, aircraft 
(2014) 0.250 in., O, rolling or casting, vanic protection. Wear re- | fittings, heavy duty forgings 
i | T4 or T6 rolling sistance. Workable base 
6053 Aluminum Wire, up to % | Clad by casting, | Same as above Same as above | Insect screening 
(5056) in. dia drawing 
7072 Aluminum Sheet, 0.015— | Clad by direct | Same as above | Atmosphere resistance. Gal- | Cooking utensils, gasoline 
(3003 or 3004) | 0.250 in., tem- | rolling or casting, | vanic protection. Workable, | and oil tanks, bus and train 
per rolled rolling | weldable base | trim 
7072 Aluminum Tube, %-11 Clad by swaging, | 2-15% of thick- | Same as above Heat exchangers for process 
(3003) | in. o. d. drawing ness on inside | industries 
FBS it Se 1 eo ee CY 7 —— eiinaentndiine SS — 
7072 Aluminum Sheet, 0.020- | Clad by direct | 2-15% of thick- | Atmosphere resistance. Gal- Aircraft structural parts 
(7075) 0.188 in., O or | rolling or casting, | ness vanic protection. High | 
T6 rolling strength base 
Copper and Its Alloys 
- 
Brass, Copper Steel, low car- | Sheet, strip, Electroplated 0.10—0.15 mils on | Decoration. Atmosphere re- | Luggage, hardware, costume 
bon 0.008—0.250 one or both sides. | sistance. Good solderability | jewelry, flashlight cases, lamp 
in., temper Natural satin or tubing, chime tubes, cym- 
rolled bright. May be bals, picture frames, display 
striped, crimped, stands 
corrugated 
Brass ° Steel, low car- | Strip, 0.004- Clad by direct | 10 or 15% of | Same as above Cosmetic cases, bed frames, 
bon 0.125 in., tem- | rolling thickness on one nameplates, gaskets 
per rolled or both sides 























b14%% silicon with 330 nickel on other side. 70-30 er 85-15. 






*144% silicon. 
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Clad and Precoated Metals—continued 








Base Metal 


Coating or Cladding 


Critical 





Surface - a - 
Functions, Typical Applications 
+ Metal Form How Thickness Properties 
Applied Finish 
Copper and Its Alloys (continued 
Brass 4 Steel, low car- | Wire, 0.090- Clad by plating, | 4-1 mil (brass | Decoration. Atmosphere re- | Curtain rods, indoor televi- 


















































bon | 0.875 in. | drawing only flash) sistance. Cheap, strong base | sion antennas, lamp stands 
| metal. Conserves brass 
Brass, Copper Zine Sheet, strip Electroplated | 0.10-0.15 mils on Decoration | Moldings, ornaments, trim, 
0.006—0.125 in. | one or both sides. | badges, buttons 
| Natural, satin or | 
| bright. May be | 
| striped, crimped, 
| corrugated | 
Bronze ° Steel, low car- | Strip, 0.004- Clad by direct | 10 or 15% of} Decoration. Atmosphere re- | Ornamental trim, shell cases 
bon | 0.125 in., tem- | rolling thickness on one sistance. Cheap, strong base 
| per rolled or both sides | metal. Conserves copper 
Copper Steel, carbon | Wire, 0.006- | Clad by plating, | 0.25-35% by Electrical conductivity. At- | Lead-in wires for electronic 
0.500 in. Also | drawing weight mosphere resistance. Strong | tubes, communication and 
ribbon base metal. Conserves copper | power lines, lightning rocs, 
| fencing, springs, plumbing 
| float racks 
Copper Aluminum Sheet, strip, Clad by pressing, | 10% of thickness | Thermal, electrical conduc- | Waveguides, variable con- 
(1100 or 5052) | 0.004—0.125 in. | rolling | on each side, or | tivity. Good solderability. | denser blades, pots and pans, 
| Also seamless | 20% on one side. | Plating base. Lightweight | downspouts, heat transfer 
| tubing, wire, | Also 90/10, | base metal. Conserves cop- | fins, jewelry, shims, bushings, 
bus bars 70/30, 5/90/5 | per terminals 
Copper Beryllium cop- | Strip, 0.010- | Clad by direct | 10 15% of thick- | Electrical conductivity. Base | Current-carrying springs 
per (25) 0.030 in., tem- | rolling | ness on one side | has good spring properties 
per rolled 
Copper Steel, low car- | Strip, 0.004- Clad by direct|10 or 15% of Atmosphere resistance. | Gaskets, automotive radiator 
bon 0.125 in., tem- | rolling thickness on one | Compressible surface. Ther- | tanks, electrical contact 
per rolled or both sides | mal conductivity. Good sol- | “‘points’’ and switches, im- 
| derability. Cheap, strong | mersion heater base plates 
| base. Conserves copper 
Copper Steel, high Strip, 0.012- Clad by pressing, 5-20% of thick- | Electrical conductivity. Plat-| Fuse clips, thin-blade or 
carbon | 0.025 in., an- rolling | ness on one side, | ing base. Base has good | spiral type springs, pen and 
| nealed or 10-35% on spring properties | pencil clips 
| each side 
Copper Steel, low alloy | Wire, 0.003—- | Clad by casting, | 10% of radius for | Electrical conductivity. At- | Grid support rods for elec- 
(with boron) 0.072 in. rolling, drawing | “80% conductiv- | mosphere resistance, Plating | tronic tubes, communication 
ity,”” 12%% for| base. Strong base metal. | lines, slide fasteners, plated 
“40% conductiv- | Conserves copper costume jewelry, lawn mower 
ity” | baskets, fencing, ground rods 
Copper Steel, carbon Plate, %-114 | Clad by direct | 10-20% of thick- | Resistance to corrosion, ero- | Chemical process equipment 
or low alloy in. Also heads | rolling ness on one side | sion. Uniform heat transfer. 
Conserves copper 
Cupro-Nickel Steel, low car- | Strip, 0.004- Clad by direct | 10 or 15% of | Same as above | Chemical process equipment 
bon 0.125 in., tem- | rolling thickness on one 
per rolled or both sides 
Phosphor Copper Strip, 0.012- Clad by direct | 25% of thickness | Good spring properties. Base | Flat spring blades for 
Bronze (C) 0.025 in., rolling or press- | on each side. Also | has high electrical conduc- | switches and electrical me- 








spring temper 





ing, rolling 








35/30/35 ters, other current carrying 


springs 


tivity 











4Over copper. 


©90-10. 
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Clad and Precoated Metals—continued 


FINISHES AND COATINGS 



























































































































| 
Base Metal Coating or Cladding 
Surface — Critical 
4 Functions, | Typical Applications 
Metal Form How Thickness, Properties 
Applied Finish | 
j 
Chromium 
Chromium ¢ Aluminum, Sheet, strip, Electroplated 0.15—0.25 mils on | Decoration Toys, reflectors, trim, squee- 
brass, copper, | 0.005-—0.280 one or both sides. gee plates, etched name- 
zinc in., temper | Natural, satin, or plates, display signs, grills 
rolled bright. May be and louvers, miniature let- 
striped, crimped, ters, auto accessories 
corrugated 
Chromium! Steel, low car- | Sheet, strip, Electroplated Same as above Decoration, atmosphere re- | Switchplates, heater parts, 
bon 0.004-0.250 sistance mirror backs, display stands, 
in., temper ferrotype plates, toaster 
rolled | ; Shells, chime tubes 
Gold and Its Alloys 
Golds Bronze, nickel | Strip, 0.007—- Clad by brazing, | More (‘‘gold-| Decoration. Atmosphere re-| Jewelry, including watch- 
silver, nickel, | 0.120 in. Also | rolling filled’’) or less | sistance. Relatively low cost | cases, bracelets, rings, lockets, 
sterling silver | tubing, wire (‘frolled gold| base eyeglass frames 
plate’’) than 
1/20 by wt on 
one or both sides 
Gold ® Copper, brass, | Strip, 0.010—- Clad by brazing, | 0.5 mils or more | Chemical resistance. Rela-| Bursting disks, other chemi- 
nickel, monel | 0.030 in., tem- | rolling tively low-cost base cal process equipment 
per rolled 
Lead and Its Alloys 
Lead! Steel, low car- | Sheet, strip, Electroplated 4, & or 1 mil | Atmosphere resistance. Good | Telephone cable sheathing, 
bon 0.005-—0.125 in. min on each side | solderability, drawability. | containers 
(ASTM B 200). | Paint base 
Natural or pol- 
ished 
Lead Copper Sheet, strip, Plated (type II) | 0.060-0.075 (A), | Atmosphere resistance Roofing, flashing 
(ASTM B101) | 0.019-0.028 in. | or hot dipped | 0.10-0.15 (B) or 
(type I) 0.20-0.25 (C) 
lb/sq ft on each 
side 
Lead } Copper, low Tubing, 3- Clad by extrud- | %4-} in. on out- | Chemical resistance. Low} Heat exchanger coils for 
carbon steel 2% in. o. d. ing or simultane- | side cost. Base has good strength, | chemical process equipment 
ous drawing high thermal conductivity 
Lead Steel, low car-| Plate, sheet,| Clad by casting, | 4—}4 in. (chemi- | Chemical resistance. High | Chemical process equipment; 
bon strip, 4-10 in. | pressing cal) up to 8-10/| density. Low cost. Strong| equipment for use with 
Also rod, an- in. (radiation) on | base metal x-rays, radium and nuclear 
gies, channels one side processes 
Lead * Steel, low car- | Sheet, strip, Hot dipped 0.85 oz/sq ft on | Atmosphere resistance. Good | Ammunition boxes, ducts 
bon 0.005—0.125 in. each side. Natur- | solderability, drawability. 
al or polished Paint base. Higher corrosion 
resistance than terne plate 
Terne! Steel, low car- | Sheet, 0.019— | Hot dipped 0.16-0.80 mil on | Atmosphere resistance. Good | Gasoline tanks, caskets, paint 
bon 0.063 in. each side solderability, drawability. | and oil containers, door 
Excellent paint base. Low | frames 
cost 
‘Over nickel. £10K or more. 614K or more. 


Sometimes over copper 


iATSM B 29. 
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Clad and Precoated Metals— continued 




























































































Base Metal | Coating or Cladding 
Surface —. -_ Critical 
| Functions, Typieal Applications 
+ Metal | Form How Thickness, | Properties 
Applied Finish 
| j 
Nickel and Its Alloys 
tnconel, Monel | Steel, carbon Plate, % to| Clad by direct | 5-25% of thick-| Resistance to corrosion, ero- | Process equipment 
or low alloy 1 in. (double-| rolling ness on one side, | sion. Uniform heat transfer. 
clad) or 3% in. or 56-15% on| Low cost base metal. Con- 
(single-clad). | each side serves nickel 
Also heads 
Monel Steel, low car- | Strip, 0.010—- Clad by direct | 10-15% of thick- | Same as above Process and marine equip- 
bon 0.030 in. tem-| rolling ness on one or ment 
per rolled both sides 
Nickel Aluminum, Sheet, strip, Electroplated 0.15—0.20 mil on | Decoration Lighting fixtures, name- 
brass, copper, | 0.005—0.230 one or both sides. plates, fryer lids, broiler pan 
zinc in., temper Natural, satin or grids, ice bag caps, eraser 
rolled bright. May be disks, license plate frames, 
striped, crimped, buttons 
corrugated 
Nickel! Copper Wire, 0.001- Clad by plating, | 0.1-25 mils High temperature oxidation | Electrical circuits subjected 
0.312 in. Also | drawing resistance. Electrical con-/| to high temperatures 
ribbon ductivity 
Nickel € Steel, low car- | Sheet, strip, Electroplated 0.15—0.20 mil on | Decoration, atmosphere re- | Toys, brush ferrules, name- 
bon 0.004—0.250 one or both sides. | sistance plates, tack beading, paint 
in., temper Natural, satin or test panels, broiler trays, fam 
rolled bright. May be blades, knives, chocolate 
striped, crimped, molds, flashlights 
corrugated 
Nickel Iron or carbon | Wire, 0.006— | Clad by plating, | 0.1-25 mils (}4-—| Atmosphere resistance. High | Grid support rods, lead-in 
steel 0.500 in. Also | drawing 10% by weight) | temperature oxidation re-| wires for electronic tubes; 
ribbon sistance typewriter key levers, springs, 
clothes racks, stapling and 
stitching wire 
A Nickel Copper Wire, 0.001- Clad by swaging, | 27-30% by Corrosion resistance. Elec-| Electrical circuits subjected 
0.500 in. Also | drawing weight trical conductivity to corrosive atmospheres 
ribbon 
A or L Nickel Steel, carbon Plate, % to| Clad by direct | 5-30% of thick-| Resistance to corrosion, ero- | Process equipment 
or low alloy 1 in. (double-| rolling ness on one side sion. Uniform heat transfer. 
clad) or to 4in. or 56-15% on| Low cost base metal. Con- 
(single-clad). each side serves nickel 
Also heads 
L Nickel Brass, low Strip, 0.010- Clad by rolling 10-15% of thick- | Same as above Process equipment 
carbon steel 0.030 in., tem- ness on one or 
per rolled both sides 
330 Nickel Steel, low car- | Strip, 0.005 Clad by pressing, | 10% of thickness | High temperature oxidation | Anode plates for electronic 
bon in., annealed rolling on each side. | resistance. Black body radia-| receiving tubes 
Often carbonized | tion. Low cost base metal. 














Conserves nickel 











Platinum and Platinum Group Alloys 











All Copper, brass, | Strip, 0.010— Clad by brazing, | 1 or more mils on | Electrical contact properties. | Electrical contacts, slip rings, 
bronze, nickel | 0.030 in., tem- | rolling all or part of one | High chemical resistance. | chemical crucibles 
per rolled or both sides. | Low cost base metal 
/ May be edge-laid, 
inlaid 
Platinum Copper, brass, | Tubing, seam- | Clad by brazing, | 0.005—0.007 in. High chemical resistance. | Heat exchangers for chemical 
bronze, nickel | less, up to 1} | rolling Low cost base metal. Ther- | processes 
in. o. d. Also mal conductivity 
wire 
Platinum Molybdenum | Wire, 0.003- Clad by casting, | Up to 0.001 in. | High work function (low pri- | Grids for vacuum tubes, per- 
0.060 in. rolling, drawing | (88% by wt) mary electron emission). Re- | ticularly for use with thori- 














fractory base metal 





ated cathodes 
















4 Over copper. 
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Clad and Precoated Metals—continued 


FINISHES AND 


COATINGS 










Surface 


4 





Base Metal 


Metal 


Form 


Coating or 


How 
Applied 


Cladding 
Critical 
Functions, 
Thickness, Properties 


Finish 


Typical Applications 




































Silver 


Silver 


Silver 


Silver 


Silver 


Silver 


Silver 





Silver 


Silver 


Stainless Stee! 


Austenitic ™ 


Ferritic ® 


Stainless 


Stainless 





Copper, nickel 


Aluminum | 
(1100, 5052) | 


Aluminum, | 
brass 


| 
—__—_—_——_—_| 
Beryllium, | 
copper (25) 





Copper, brass 





Monel, nickel 


| 


Phosphor 





Wire, 0.005 
0.250 in. Also 
ribbon 


Clad by plating, 
drawing 


0.1 


5% by weight 


25 mils (% Atmosphere resistance. High 


ance. Electrical conductiv- 
ity. Low cost base 





Strip, 0.010- Clad by pressing, 


0.062 in. 


Tubing, seam- 
less rectangu- 
lar 

Strip, 0.010- 
0.015 in. 


Strip, 0.010- 


0.020 in., tem- 
per rolled 





| 
| 


rolling 





Clad by pressing, 
rolling 


Clad by pressing, 


| 
| rolling | 
| 


Clad by brazing, 
rolling 





Strip, 0.006- 


0.008 in., tem- | 


per rolled 


Clad by brazing, 
rolling 








Strip, 0.008- 
0.020 in., tem- 
per rolled 


Strip, 0.006-— 





Clad by brazing, 
rolling 


10% of thickness 
on each side, or 
20% on one side. 
Also 90/10, 70/ 
30, 5/90/5 


Electrical contact properties. 


Lightweight, low cost base. 
Decoration 








Electronic transmission 
characteristics. Low 
base 


0.005 in. on in- 


side cost 





Electrical contact properties. 
Electrical conductivity. 
Base has good spring prop- 
| erties, fatigue life 


15% of thickness 
on all or part of 
one or both sides 





Electrical contact properties. 
Low cost base metal 


1 or more mils on 
part or all of one 
or both sides. 
May be edge-laid, 
inlaid 





0.2—0.3 mil 


Good electrical contact prop- 
erties. Low thermal coeffi- 
cient of linear expansion 








1 or more mils on | 


| Electrical contact properties. 
part or all of one | Resistance to corrosion, 


or both sides. | wear. Low cost base metal 





temperature oxidation resist- | 


Electrical conductivity. | 


High temperature coils, hig} 
| frequency conductors, braid- 
ing for radar cables, strings 
for musical instruments 





Conductors, contacts in air- 
craft electrical equipment; 
| costume jewelry 


Waveguides for 
transmission lines 


electronic 


Contact arms for buzzer cir 
cuits, ot! 
springs 


er current-carrying 


| Electrical contacts, slip'rings, 
flexible waveguides 





Television antenna 


tors 


connet 


Electrical contacts subject t: 
corrosive conditions or ex 


cessive wear 


Electrical contact springs 


| Heat exchangers for chemical! 
| processes 


| 





Clad by brazing, | Same as above \lectrical contact properties. 
bronze (A, C, | 0.040 in., rolling Electrical conductivity. 
D) | spring temper | Base has good spring prop- 

erties 
Copper Strip, 0.010- Cladbypressing, | 25% of thickness } Resistance to corrosion .ero- 
0.020 in., an- | rolling on one or both | sion. Thermal conductivity. 
nealed sides Uniform heat transfer 
Worl able base metal 
Copper Strip, 0.025- Clad by pressing | 20% of thickness | Corrosion resistance. Ther- 


0.050 in. 


or brazing, plus 
rolling 


on one or both| mal conductivity. Uniform 
sides 


metal. Decoration 


| Pots and pans 


} 


heat transfer .Workable base 





Steel, carbon 
or low alloy 


Plate, % to 
14 in. (double- 
clad) or to 4in. 
(single-clad). 
Also heads 


Clad by direct 
rolling 


Up to 30% of 
thickness on one 
side or 15% on 
each side 


Resistance to corrosion, ero- 
sion. Workable low cost base 
metal 


| Process equipment 





Steel, low car- 
bon 


Sheet, plate, 
0.050-0.250 
in., annealed. 
May be pol- 
ished 


Clad by casting, 
rolling 


20% of thickness | Same as above. Decoration 


on one side 


Process equipment, architec- 
tural paneling, auto bumpers, 
grills and trim, cooking uten- 
sils, food display cases, hos- 
pital sterilizers 










Ferritic ® 





Steel, low car- 
bon 





Strip, 0.015- 
0.095 in., tem- 
per rolled 





Clad by direct 
rolling 


15% on one or 
both sides 
base metal 








Corrosion resistance. Deco- 
ration. Workable, low cost 


Cooking utensils, auto bump- 
ers, grills and trim 













m304, 310 
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Clad and Precoated Metals—concluded 





Surface 


+ 





Base Metal 


Metal Form 


Coating or 


How 
Applied 


Cladding 


Thickness 
Finish | 


Critical 
Functions, 
Properties 


Typical Applications 





Tin 


Tin 





Zinc 


Zinc 


Zinc 


Zinc 





Organic Coatings 


Alkyd Baked 
Enamel 


Cellulose 
Lacquer 





Sheet, strip, 

0.008-0.015 

| in., temper 
rolled 


Steel, low car- 
bon 


Sheet, strip, 
0.005-—0.125 
in., temper 

rolled 


Steel, low car- 
bon 


Sheet, strip, 
0.005-0.125 
in., temper 
rolled. Also 
flat wire 


Steel, low car- 
bon 


_——— = 
Sheet, strip, 
0.012—0.172 

in., annealed 


Steel, low car- 
bon 


Steel, carbon Tubing, %-1 

or low alloy in. Pipe, 4-12 

ASTM A 53 in. Also 
duit 


con- 


Wire, 0.016- 
0.500 in. 


Steel, low car- 
bon 


} 

s 

Strip, 0.005-— | 

0.050 in., phos- 
phate coated 


Low carbon 
steel, alumi- 
num 


| 


Strip, 0.005- 
0.050 in. May 
be precoated 
with copper, 

| brass, nickel or | 

| zine; also phos- | 

| phate coated | 
Strip, 0.006- 
0.040 in. 


Steel, low car- 
bon 





Steel (incl elec- 
trogalvanized, 
tinplate), alu- 
minum, brass, 


zine 





Polyvinyl 
Chloride 





Sheet, strip, 
plate, 0.010- 
0.250 in. 


Steel, alumi- 
num, mag- 
nesium 





Vinyl Lacquer 
or Enamel 








Strip, 0.005- 
0.050 in. Phos- 
phate coated 


Low carbon 
steel, alumi- 
num, brass, 
zine 





| 





| sure 


Electroplated 


Hot dipped 


Electroplated 


Hot dipped 


Hot dipped 


Hot dipped 


Painted 


| side. All 


Painted 


| 0.013—0.053 


mil 
on each side. Also 
0.013 mil on one 
side, 0.053 on 
other. May be 
chromate treated 





0.8-2.0 mils (‘‘com- 
mon’’) or 0.080 
(‘‘std’’) mil on 
each side. Nat- 
ural or polished 





0.01, 0.084 or 
0.17 mil on each 
side. May be 
phosphate} 
treated 


0.8-2.0 mils on 





each side. May | 
be chromate} 
treated 
0.002 in. or more 
on each side 


0.1-1.0 mil 


14~—1 mil on each 
colors. 
Low or high| 
formability types 
14-1 mil on one 
or both sides. 


| Clear, all colors 


Painted 


| one or both sides. | 


0.1-2.0 mils on 


Clear, all colors 





Clad by adhesive 
bonding with 
heat and/or pres- 


Painted 





0.008-0.030 in. 
on one or both 
sides. All colors, 
special textures 


| 


Resistance to atmosphere, | 
chemicals. Good solderabil- 
ity. Strong, low cost base 
metal 


Same as above 


Atmosphere resistance. Gal- | 
vanic protection. Strong, low | 
cost base metal 

| 


blind heads, screen 
refrigerator parts, sliding door 


| Tin cans for food products, 
kitchenware, bearings (as 
base for babbitting), parts to 
be soldered 


Tin cans for food products 


venetian 
frames, 


Lighting fixtures, 


tracks, spools and reels, oil 
cans, signs, auto window 


| channels 


Same as above 


Same as above 


Same as above 


Decoration, atmosphere re- 
sistance 


Same as above 


Same as above 


| 





Decoration. Resistance to 
atmosphere, chemicals. Ab- 
rasion resistance. Formabil- 
ity. Low cost base metal 





0.4-1.0 mil on 
one or both sides. 
All colors 





Decoration. Atmosphere re- 
sistance. Formability 





| movie reels, 


Roofing and siding, agricul- 


tural equipment, refrigerator 
and air conditioner parts, 
auto mufflers 

Water pipe. Electrical and 
hot air conduits 


Fencing 


Venetian blind slats, curtain 
rod brackets, calendar frames, 
auto dashboards, lighting fix- 
ture moldings, awnings 
Toys, novelties, display 
frames, premium items, 
brackets, auto moldings and 
trim 





Toys, buttons, buckles, clips, 
reflectors, picture frames, 
eraser shields, bottle caps, 
addressograph 
plates, ashtrays 





Business machine housings, 
auto instrument panels, tele- 
vision cabinets, air condi- 
tioner housings and drip pans; 
acid resistant tanks, ducts 
and fume hoods 


Bottle caps, lipstick cases, 
garden tools, toys, battery 
cans, wall tile, eyelets, fiash- 


light parts 
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ACP Chemicals and Krocesses- improve paint adhesion, 


Provide decorative finishes 


ae 














ACP GRANODINE®—a« phosphate coating pro- 
cess for steel which provides an excellent base for 
paint and greatly improves the corrosion resistance of 
the paint system. 


ACP ALODINE®—an amorphous coating process 
for aluminum which protects ‘both painted and un- 
painted metal and anchors the paint finish. 


ACP PERMADINE®—o zinc phosphate coating 
chemical which forms a heavy oil-adsorptive crystalline 
coating on steel. This coating bonds paint or readily 
absorbs such rust inhibiting oils as ACP Granoleum.® 


ACP DURIDINE®—« duval-action chemical which 
cleans and phosphate coats steel simultaneously. 
tt carries off harmful surface dirt, oil and grease. It 
forms a coating which inhibits corrosion and provides 
an excellent base for the paint finish. 


ACP produces the chemicals for treating 
most metals—to clean them, to prepare 
them for further processing, to improve 
corrosion resistance and paint adhesion. It 
has the experience and the personnel to 
apply these chemicals economically and 
effectively, too. Here are just a few of the 
many products and processes ACP offers: 


ACP DEOXIDINE®—c phosphoric acid metal 
cleaner which removes rust and organic soils, destroys 
rusters, prepares steel, aluminum, brass, copper and 
other metals for painting. 


ACP METAL CLEANERS—Ridoline,® alkaline 
metal cleaner, and Ridosol,® solvent-detergent metal 
cleaner—remove metal preservatives and metal- 
working lubricants from metals in process. 


ACP THERMOIL-GRANODINE®—a« manganese 
iron phosphate crystalline coating chemical which 
improves the wear-resistant and antigalling character- 
istics of machined reciprocating ferrous elements. The 
coating, when oiled or painted, also inhibits corrosion. 


ACP ARCHITECTURAL ALODINE® PROCESS 
forms a chemical coating on aluminum which becomes 
an integral part of the metal, inhibits corrosion, and 
provides an attractive and lasting color finish. It also 
reduces glare, is easy and economical to apply. 


Write for the “ACP GUIDE to the chemical treatment of metals.”’ 





CHEMICALS 


PROCESSES 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 34, Pa. 


DETROIT, MICH. + ST. JOSEPH, MO. ° NILES, CALIF. ° WINDSOR, ONT. 
New Chemical Horizons for Industry and Agriculture 











For more information, turn to Reader Service card, circle No. 386 
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Forms and Shapes of Materials 


Design Features of Metal Forms 





Choice of 
Materials 


Complexity 
of Part 


| 
| 
| 


Maximum 
Size 


Minimum 
Size 





Sand 
Castings 


ferrous metals 


| bosses, locating pads 








Shell Mold 
Castings 
Permanent 
Mold 
Castings 


Wide—same as above ex- 


Restricted—brass, 


gray iron 





Plaster Mold 
Castings 


aluminum 


cepting low carbon steels | 


bronze, aluminum, some | 
| Considerable—mold de- 
| stroyed in removal 


Narrow—brass, bronze, | 


| Moderate—limited by 
mold removal problem 


Wide—ferrous and non- Considerable—holes, 


<60 in. square. Best for | Ye-in. sections 
smaller parts 


Great—largest forms 
made are sand castings 


Y% in. is smallest practi- | 
cable section 





| 





| Limited—restricted by 
use of rigid molds 


Moderate—50 Ib is prac- 
tical limit in aluminum 


l-oz. sections as thin as 
0.1 in. 


} 
} 
| 





Moderate—up to 15 Ib in 
most materials 


Small—Ym-in. sections 
possible 





Investment 
Castings 


Wide—includes materials 
hard to forge or machine 


Considerable 


Moderate—best for parts 
under 2 Ib 


Small—sections down to 
0.030 in. 





Die 
Castings 


Narrow—zinc, alumi- 
num, brass, magnesium 


Considerable—though 
costly dies might be re- 
quired 


Large—up to 75 Ib in 
aluminum, 200 Ib in zinc 


Sections as small as 
0.025.in. 





Drop 
Forgings 


Medium—many ferrous, 
nonferrous alloys 


Moderate—limited by die 
restrictions 


Large 


Small as fraction of an 
ounce 





Press 
Forgings 


Medium—best for non- 
ferrous alloys 


Limited—but greater 
than drop forgings 


Moderate—25-30 Ib a 


practical maximum 


Smaller than drop forg- 
ings 





Upset 
Forgings 


Medium—many ferrous, 
nonferrous alloys 


Limited to cylindrical 
shapes 


Medium—9-in. bar about 
largest 


Moderate—not compar- 
able to casting 





Cold Headed 
Parts 


Narrow—confined to 
steel, highly ductile alloys 


Limited—less flexibility 
than forgings 





Small—7 in. by % in. 
dia usual maximum 


Smali—-in. dia parts 
can be made 





Extrusions 


Restricted—light metals, 
some steels, copper, ti- 
tanium 


| Limited—can be complex 
| in cross section only 


Medium—8 to 10 in. max 
dia 


Small—0.050-in. sections 
in aluminum and mag- 
nesium 





Impact 
Extrusions 


Narrow—aluminum, 
magnesium, some steel 


Limited—must be con- 
centric 


Small—6 in. dia in soft 
alloy, 4 in. in hard 


Moderate—*% in. dia 
smallest 





Roll 
Formed 
Shapes 


Narrow—cold rolled 
steel, some aluminum 
and stainless steel 


Restricted to thin and 
uniform cross sections 


Large 


Sections from 0.125 in. 
up 





Stamped and 
Press Formed Parts 


Wide—all workable metals 


Limited—many design 
restrictions 


Large 


Smali—sections as thin 
as 0.003 in. possible 





Metal 
Powder 
Parts 


Moderate—iron, steels, 
nickel, brass, nickel al- 
loys, refractory metals 


Limited—powders flow 
poorly, do not transmit 
pressure 





Small—parts less than 
4 in. square best 


Small—< Ye in. dia pos- 
sible 





Spinnings 


Wide—many sheet metals 


Limited—cylindrical or 
concentric shapes 


Large—up to several feet 
in dia 


Moderate—% in. dia in 
gages less than 0.040 in. 








Screw Machine 
Parts 


Wide—best suited to 
highly machinable metals 


Moderate—limited to ro- 
tational shapes 


Medium—up to 6 in. 
long, 2% in. dia 


Small—< Ve in dia 





Electroformed 
Parts 


Narrow—iron, copper, 
nickel, silver 


Great—extreme come 
plexity possible 


Limited—%-in. sections 
can be built up 


Small—0.005 in. or less 





Tubing 


Wide—any ductile metal 
available in tubular form 


Limited by sectional 
shapes of tubing 


Usually 4 to 6 in. o.d. 


Moderate—\ in. 0.d. 





Welded and 
Brazed Parts 


Wide—dissimilar metals 
can be joined 





Great—extremely com- 
plex shapes 








Unlimited 





Moderate 
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Mechanical Precision, Special Structural Surface Surface 
Properties Tolerances Characteristics Smoothness Detail Remarks 
7 | Fair to high depending | +Y%c—Ye in./in., closer | Good bearing structure Poor Poor | Usually require some 
| upon metal cast at extra cost | | machining before use 
Good—little porosity, few | -+-0.003-0.005 in. /in. High quality for cast | Good | Good Considered best of low 
| gas inclusions | metals cost castings 
a | Fair—good in centrifugal | +0.01-0.05 in. ~ Good Good Large quantities allow 
| castings production economies 
a | Fair +0.010-0.005 in. - Good Good Little finishing required 
| ae ne : eS ee ee: o 
Good +0.005 in. /in. common _ Excellent Excellent Best for parts too com- 
plicated for other casting 
methods 
Fair to good +0.001 in. /in. Special properties can be | Good Good Most economical where 
obtained through use of applicable 
| inserts 
High +0.010-0.030 in. with- | Grain flow provides | Fair Fair Used where high strength 
out joining toughness is required 
High Medium—better than | Hot working gives struc- | Fair Fair Closer tolerances and 
drop forgings tural advantages greater complexity than 
drop forgings 
High Medium—compare to | Grain flow provides | Medium Medium Best suited to small parts 
press forgings toughness 
High +0.010 in. common, | Tough structure High Fair High production rates 
+0.002 in. possible 
Good +:0.005-0.020 in. com- | Grain flow improves Good Only as part of |} Sometimes used as 
mon properties contour blanks for other proc- 
esses 
High—metal cold worked | +0.001 in. common Grain flow improves | Good Good Can eliminate machining 
properties 
Good | +0.002-0.015 in. Cold work improves | Good None Requires large quantities 
| properties 
Fair to high Good—to +0.001 in. _ High Fair Usually low cost when Shapes? 
common quantities are sufficient 
Fair to good High—-+-0.001-0.005 in. | Porosity can be controlled | Fair Fair Can use materials not 
common and complex materials formable by other proc- 
formed esses 
Good Fair—+0.015-0.060 in. | Grain flow, cold work im- | Good None Good for large pieces or 
common; better at added | prove properties short runs 
cost 
High +0.001-0.005 in. pos- _ Excellent Good High production rates, 
sible low cost 
Fair—lower than wrought | High—=-0.002-0.0002 in. | Extremely dense struc- | Excellent Excellent Best when complexity 
common ture; laminates possible and accuracy essential 
Good—cold working im- | Good—depends on qual- | Grain flow improves | Good None Good means of reducing 
proves properties ity of tubing properties costs 
Variable—depends upon | Medium—not highly pre- | Can combine parts with | Depends on None Often needed to meet 
components cise special properties components design requirements 
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Forms and Shapes of Materials 


Castings 


GENERAL 

Sand castings. These castings are usually the first 
type considered. A major advantage is their availa- 
bility in almost limitless shapes and in extreme com- 
plexity. Sand castings can be extremely large, but 
there is a practical limit to their minimum size. The 
process is not recommended for thin-section castings. 

When moderate quantities of a part are required, 
sand castings can be relatively inexpensive, despite 
the hand labor required. Practically any metal can 
be used, with the exception of the newer metals 
which react with air while in the molten state. For 
precision parts, sand castings are usually restricted 
to the light alloys and certain bronzes. 


Precision sand castings. Higher accuracy in sand 
castings is attributable to foundry techniques and 
closer control over the variables rather than a 
change in process. Carefully constructed baked sand 


















cores are used when this accuracy is_ specified, 
whereas normal green sand molds are used elsewhere. 

Most precision sand castings are formed of alumi- 
num and magnesium alloys and the phosphor and 
tin-bearing bronzes. The as-cast mechanical proper- 
ties of these castings are approximately the same 
as those found in conventional sand castings. 


Shell mold castings. These castings are formed of 
any alloy that can be cast in sand, though some cast- 
ing alloys may be more difficult than others. The low 
carbon steels tend to have surface defects. Sweating 
of tin and lead in brasses and bronzes containing 
a high percentage of these alloying elements has 
caused problems. The reactivity of magnesium with 
oxygen and silica sand must be countered with 
inhibitors or mold washes. 

Mechanical properties are comparable to, or better 
than, those of sand castings. Closer control can be 


GENERAL CHARACTERISTICS OF CASTINGS 






























































































Cost | | Size | As-Cast 
Type Mi 173 Times | | Finish, 
+ | | | | rmse 
Labor | Equipment* | Material | Typical Pouring | Range Avg, Ib¢ | Min Section | 
| Rate, per hr> |  Thk, in. 
' Sand High | Die low, | Low 25 | 3-15 | <1lozto >200 | Few ounces | Special—Ys, | Requires 
i | tooling high, | | days | tons | to several | small—%@-%,| grinding, 
, pattern % of | tons | large—%e-% | polishing, 
f die | buffing 
Precision | Medium | Low | High | 300 per month | 4-6 | Max size not | 1-4 0.050 75-80 
Sand high | | weeks | known. Present | | | 
| —<1 Ib weight | | 
to 6 ft length | 
Permanent | Medium | High Nonferrous— | 30 6-12 | 1 oz to 600 Ib 1-10 , 0.090 100-125 
Mold | high, gray weeks | 
iron—low 
Plaster Medium | Low High 4-5 4-6 <1 oz to >100 | 3-5 0.040-0.060 | 50 
Mold high weeks | |b 
Investment | High | Varies with | Wide range Generally low; | 4-6 <1 oz to 25 Ib | Up tol 0.030 60—wax 
quality of higher with plas- | weeks | —wax or plas- | and plas- 
| pattern die tics pattern tics; > 100 Ib— tics; 40— 
| necessary frozen mercury mercury 
Die Low | High | High | 75-150 alumi- | 8-14 | <1 oz to 75 |b} %-1 0.050 50 
| num, magnesium, | weeks; aluminum; <1 | 
| copper-base ; 300- oz to 200 Ib zinc | | 
| 350 zinc | 








«Dies, patterns and/or machines. 
>These figures are general for one set of equipment. Actual rate of casting production depends on number of cavities per mold. 
eFrom complete design to production. dAverage size of competitive castings. eFinish obtainable in limited areas. 
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exercised. Since the shell mold is baked dry, the lack 
of moisture slightly increases the insulating effect 
of the mold; the resulting slower cooling of the metal 
produces better uniformity of structure. The high 
permeability of shell molds minimizes porosity and 
voids in the solidified metal by allowing air and gases 
generated during pouring to escape through the shell. 


Permanent mold castings. Parts must be of relatively 
simple design, but some complexity is possible by 
using sand cores with steel molds (semipermanent 
molding). Because of the relatively low temperature 
limit of the mold material, the process is limited to 
the lower melting alloys. Aluminum alloys are the 
most commonly cast. Copper-base alloys, magncsiun) 
and, more recently, gray iron are also cast in per- 
manent molds. 

Permanent mold castings are usually dense and 
fine-grained, and can be made with better surfaces 
and closer tolerances than sand castings. Molds may 
be preheated to the 700-800 F range to achieve high 
control. Tolerances must be wider than for die cast- 
ings, shell mold castings and plaster mold castings. 


Plaster mold castings. These castings are noted for 
their fine finishes which reflect the smoothness of 
the plaster in which they are cast. The insulating 
quality of the mold causes a slower cooling rate 
which results in a reduction of tensile strength and 
elongation. Although plaster mold castings are used 
for some high production parts, they are usually 
considered for small to medium-sized lots. Molding 
costs are relatively high, but these costs are usually 
recovered because of the minimum of machining. 

Because of the temperature limitations of the mold 
material, this method is restricted to casting alloys 
with a melting point below 2000 F. These include 
aluminum, magnesium, and some of the copper-base 
alloys, such as yellow brass, silicon bronze, beryllium 
bronze, aluminum bronze and manganese bronze. 
Some foundries restrict lead content to 1.5% because 
of the reactivity of lead with plaster; others claim 
to have cast 50% lead alloys without difficulty. Alloys 
containing silicon lend themselves to finer detail 
with better surface finish. When casting magnesium, 
special plaster compositions and handling techniques 
are required, as well as more ample feeding facilities 
in the mold. 


Investment castings. These parts are formed using a 
pattern molded in wax, plastic, or frozen mercury. 
Each pattern type has characteristics that make it 
more suitable for certain parts. Wax permits the 
greatest flexibility of design and is the least costly. 
Plastics permit more rapid production of patterns 
and also allow a surplus of patterns to be stored for 
future use. Frozen mercury allows larger sizes to be 










cast and requires only a thin ceramic shell which, in 
turn, results in better metal quality. In general, invest- 
ment cast parts offer dimensional tolerances superior 
to those of other castings, can be made in shapes too 
complex for metal powder parts, and can be made 
of metals with melting points too high for die cast- 
ing. Mechanical properties are generally high. 

Of the six types of close tolerance castings (i.e., 
excluding sand castings), investment castings are 
matched only by shell moldings in the range of 
castable alloys available. These alloys include high 
melting ferrous alloys, copper alloys, special high 
temperature nonferrous alloys, and all castable 
aluminum and magnesium alloys. Though the same 


MACHINE FINISH ALLOWANCES 


























Metal Pattern Size, in.| Bore, in. | Finish, in. 
+ | | 

Cast Iron Up to 12 Ye |  % 
13 to 24 He \% 

25 to 42 \Yy Ye 

43 to 60 Ne 4 

61 to 80 ¥, A 

81 to 120 Ww | & 

Over 120 é « 

| 

Malleable Irons: ». «4 Upto 6 | “e “e 
6to 9 | Yay Ye 

9 to 12 | Yo Yq 

12 to 24 Yo Ve 

24to35 | Ne He 

Over 36 é | 

Steele Up to 12 Ve Vy 
13 to 24 VY Ye 

25 to 42 Ae Ae 

43 to 60 ¥y ¥% 

61 to 80 Y, | Ae 

81 to 120 Ye Yy 

Over 120 « x 
Brass, Bronze, Up to 12 345 Ve 
Aluminum! 13 to 24 Ae Vy 
25t036 | % | 

Over 36 c 





«When castings are constructed so that they warp more than the average 
amount, the allowances given should be increased. 

bDisk grinding—only sufficient finish required to take care of draft and 
possible warpage. 

eCoin pressing—practically no finish allowance required. 

4For small parts, an allowance of 44—'% in. is satisfactory. Larger parts 
require a slightly greater allowance. 

«Allowance ranges from \% to 1 in. Values given for finish are normal 
for ordinary finishes on the drag side. For finished surfaces on the cope 
side, it is often necessary to double the allowance. 

‘For small or medium-sized nonferrous castings, in. is a customary 
allowance, with correspondingly larger allowances on larger castings. 

sSpecial instructions, 


continued 
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Castings—concluded 


general degree of accuracy is obtainable with all 
alloys, it is easier to obtain with the nonferrous 
alloys because of their higher fluidity and lower 
melting points. 


Die castings. Only nonferrous alloys are suitable for 
die castings. The range of these alloys is adequate 
for most needs but more limited than for sand cast- 
ings. Alloys used, in order of tonnage, are: zinc, 
aluminum, copper, magnesium, lead and tin. They 
can be grouped in low and high melting classes 
according to melting point: 


Low melting alloys 





DE 6th GF sh bAALCSEED ONO 200066 08 727F 
CN 66s 46 e'h dee Oe ee wN eee Kae 484 F 
ID ibe ks ig ee ek eee ad btw 6 417 F 
High melting alloys 
PTC O TET TC Te Peers 1115 F 
ee ee err 1110 F 
| ee ee 1600 F 


The high melting group are usually cast in cold 
chamber or air injection machines; the low melting 
alloys in plunger machines. Of all casting processes, 
die casting is by far the best suited to high produc- 
tion of quality parts. As in permanent mold casting, 







an advantage is derived from the high thermal con- 
ductivity of the steel used in the die. The resultant 
chilling effect promotes fine grained metallurgical 
structure. Though die castings are subject to varying 
degrees of porosity, proper engineering of the casting 
and die may confine it to noncritical areas. 


DESIGN FACTORS 


Draft allowances. Draft allowance is normally at 
least % in. per ft., although it often ranges from 
% to % in. per ft. It is seldom less than 1 deg and 
% in. per ft. In sand and plaster mold casting, the 
mold is destroyed after the casting is made; there- 
fore no draft is required. Investment casting requires 
no draft, though % to 1 deg can be specified if single 
parting, noncored dies are designed. Frozen mercury, 
wax and plastics patterns require no draft, but % 
deg is used with Kirksite dies. 

Permanent mold—A minimum of 2 deg on each 
side is usually provided, though the range is 0 to 8 
deg. In recesses, 2 deg on each side is a minimum 
with 5 deg desirable. The following figures (in. per 
in. of depth on one side) are fairly standard: mag- 
nesium—0.015, aluminum—0.015, bronze—0.020. 


Shell mold—Draft angles are not as critical as 
for permanent mold castings. From 4 to % deg is 


DIMENSIONAL TOLERANCES * 





Sand Castings 


EE ee Se eb Rene eran Peer .. VYo-Ye 
Malleable Iron........ ster teeamniesiatieltste Liewiachantndiaes aa 
Sa eat a Yn 
Aluminum Alloys. . ha 
I i. ss ce hib ake désdebsnws rene Vea 
YOST ee Bae oi Yo 
EO Py ee. eee ee ac YN, 


(Zinc, tin, lead not cast) 





Shell Mold Castings 


Ferrous.................0.001-0.003 in./in. possible. Commer- 
cially 0.010 to 0.015 are held on dimen- 
sions within mold half. Across parting 
line: 0.020-0.030 

Magnesium, Others....... Same as ferrous 


(Zinc, tin, lead not cast) 


Plaster Mold Castings 
Brass, Bronze................0.005 for first inch; then 0.001 in. /in. 
Common total: 0.005 to 0.010 
Aluminum, Others............Same as brass and bronze 


(Ferrous, zinc, tin, lead, copper not cast) 





Investment Castings 








Permanent Mold Castings 
ae 0.015 for first inch; then 0.002 in./ 
in. Common total: 0.010-0.050 
Magnesium, Gray Iron, Others. .Same as aluminum or slightly wider 
(Steel, tin not cast) 





IONE etey cn sscceacesestcsxes .....-0,002-0.005 in. /in. 
Stainless Steel..............................0,004-0.008 in. /in. 
Ne Dee LAT. cbnd dc cvbee ss 0.003-0.006 in. /in. 
(Iron, some steels, zinc, tin, lead not cast) 
Die Castings 
ET so vib cheese cee 0.0025 for less than 1 in. 
0.001 in. /in. for dimensions greater than 


lin. 
Aluminum, Magnesium. . .0.003 for less than 1 in. 
0.001-0.002 in./in. for dimensions 
greater than 1 in. 
MEE 0.005 for less than 1 in. 
0.003 in. /in. for dimensions greater than 
lin, 
(Ferrous not cast) 





*Tolerances are for usual commercial practice, stated for guidance only. In most cases closer tolerances can be held at increased cost. Tolerances are 


over-all unless stated as in. per in. All values are + tolerances. 
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usually sufficient for shell mold castings. 


Die—In general, a minimum of 2 deg per side is 
usually provided. The following draft tolerances 


(in.) are usually provided: 


PS rr eererrerr ire 0.010* 
SED, 2 63.04% 0 0 e bee earens 0.010-0.015 
en etherscoeeauescedesatskes 0.005-0.007 
PEPE Pe ere er 0.015-0.020 
WE EEE 35:3 660046 cdaewe hash 0.015 


®In. per in, of depth, one side. 


Shrinkage allowances. The following allowances (in 
per ft) are usually provided: 
FB PETC TT TU TUTTT TTT Tee 1/8 
PE SO cn evieveseteeanneenes 1/8 
FETT Te Ce TTT OOTR TT eee ee 1/4 
DEE 66.000 e SCONE ORO ee aKA 5/32 
| EPP CTT CERUL TUTTE RERT eee st 


1. Stress concentration is always a vital considera- 
tion. A larger amount of metal will have greater 
shrinkage and put an adjoining thin section under 
tension which may result in cracking. The design 
should incorporate fillets when there is a change of 
section thickness or to avoid sharp, interior corners. 
In addition to lowering stress concentration, fillets 
help achieve even cooling and shrinkage. 


2. Continuous, intersecting ribs may cause trouble. 
Staggering the ribs will help prevent the build-up of 


high stresses. 


3. Avoid large, flat areas with little or no support. 


4. The parting line, particularly in die castings, is 
preferably located at the corner of the casting. Lines 
of demarcation remaining after flash removal will 


not be nearly as 


DESIGN RULES 


visible. 


MINIMUM SECTION THICKNESS (In.) > 





















Sand Castings 
Gray lron*. . 
White Iron. . 
Malleable tron 


Aluminum.... 
Magnesium.... 
Brass, Bronze..... 


Shell Mold Castings» 
Oa 
Magnesium, Others... .. 


Permanent Mold Castings 
Aluminum 


3to6in....... 
>6In.... 
Gray Iron, Others 


SE Matt wn eee as a hg re oesee ene ees 


: } ae 





Plaster Mold Castings 
Brass, Bronze 


Rh i cs aly is eee batiee on 


Ul eee 


Ny at ae eae alae feeedckaniatass 


Aluminum, Others 


GS Ee er eet ey Tee 
ES Si n.ci ca taneeddy ad sdadedetaakwaneion- 
Mi ei ch ce Sivek hades idea cceeesasees 


.. Ae- 
... Ae 
.. Ae" 

.. Ya 


VY, 
Vay 


In-3hg 
1 


.. “Vek 
Vee 


... 0.049 
... 0.063 
... 0.093 


... 0.040 
... 0.063 
... 0.093 





Investment Castings 


NE i ulead st ek reehenk ees 
NS 8 oo ccenmens cia the teaneteaebit 


Others... . 


Die Castings 
Zinc 

Small... 

Large... 


Aluminum. . 
Magnesium. . 


Aluminum Alloy 
Small...... 


Magnesium Alloy 


pate FRI ae aera eee mine ENC 0.050-0.060 

ides xc xibabereans sada de veduaccdasauleneees 0.080 
Copper 

ST ots eons au dawenhaasahdeoeenesaeeatanaaeel 0.06 

ions sand bd ak cuae nd sd ates CREAMER LAR OA SEE TADERAT 0.10 
es. west eeaeb ng Cncouauneaantaketmedehpaiied 0.050 
Tin 

NR ee eer ere eae rey irs tes ee Ty 0.030 

esa i-<i. (wid ad oodues Ab akseen eT er ceesnseel 0.060 
Lead 

ee a eee ee a kee adda skeet 0.040 

ic kid ee ude AMS ERI oed ek eb a tenes rth 0.070 


- oases e 0,030 


.. .0.020-0.030 
Lecece Oe 


wiia-0 5 ‘apne 
ssa eee 0.050 


iaend 0.045-0.055 























... 0.050 
. 0.030 











*Usual minimum for various classes of gray iron is: class 20, 4; class 25, 4; class 30, 4; class 35, %; class 40, 14; class 50, 4; class 60, 34. 
bAvoid section differences where max: min ratio is more than 5:1. 
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Forms and Shapes of Materials 


Extrusions 


GENERAL 


Extruding is used increasingly as a means 
of making small parts of uniform cross section 
that might otherwise be made only through 
extensive machining. Long pieces of the desired 
cross section are extruded, then cut to desired 
lengths and subjected to any further operations 
that may be required. 


Advantages. Extruded shapes are not con- 
sidered to be highly precise as far as dimen- 
sional tolerances are concerned, but they do 
have the advantage of permitting the metal 
to be placed where it is most needed to attain 
desired strength and design characteristics. 
Relatively complex shapes can be extruded. 
Sharp corners and reentrant angles are readily 
obtainable. When precision is a requirement, 
final dimensions are achieved through machin- 
ing. Extruding is sometimes used to make 
blanks for other processes, e.g., forging. 


Limitations. Sizes are limited because of the 
excessive size of the presses required to extrude 
large sections, and because large shapes are 
likely to bend and distort excessively under their 
own weight and require expensive straighten- 
ing operations. Any openings must be in the 
direction of the extruding action and uniform 
throughout the entire length of the extrusion. 


Materials. Although in the past most extruded 
shapes have been made from aluminum, mag- 
nesium and copper alloys, the process has 
recently been expanded to include many types 
of steels. Steels and other high melting alloys 
are easy to extrude, but they are hard on die 
materials and require lubricants with special 
qualities. Titanium, lead, tin and zinc alloys 
are also extruded. For best results the ratio 
of billet size to finished extrusion should be 
large. When large ratios are used, the resulting 
extrusions are dense, homogeneous and free of 
porosity, and the metal properties compare 
favorably with those attained in forging. Ratios 
usually range from 20:1 to 40:1. 


Speed of output. Rate of output of extruded 
shapes can affect cost, particularly if large 
quantities are required. Speeds range from 1% 
to 700 fpm., depending on the basic material, 
the particular alloy and the shape being ex- 
truded. Magnesium is extruded at speeds of 
4 to 100 fpm., aluminum somewhat faster, and 
copper alloys a little slower. Highest speeds 
are attained with nickel alloys and steels. 


Applications. Conditions under which extruded 
shapes might be chosen are: 


1. When a more efficient disposal of metal is 

























































desirable than is obtainable with rolled shapes 
or other metal forms. 

2. Where several parts are now joined to 
provide a smal] assembly. 

3. Where shapes are required that could not 
be obtained without difficult machining. 

4. Where short pieces of an extrusion could 
replace small castings or forgings. 


DESIGN FACTORS 


Tolerances. Tolerances on extruded metal parts 
are held on such factors as straightness, flat- 
ness, twist, section thickness, angles, contours, 
and corner and fillet radii. 

Flatness—On a 6-in. width, tolerance would 
be +£0.024 in., or about 0.004 in. per in. of 
width. 

Straightness—On a 5-ft length, a 1/16-in. 
deviation from a straight line is normal. This 
deviation increases to % in. at 30 ft. 

Cross section—Typical are tolerances rang- 
ing from +0.006 in. on thicknesses of less than 
0.125 in. up to 0.080 in. on thicknesses or 
widths of 14-15 in. 

Cut ends—Permissible deviation from the 
square is 1 deg. 

Curved surfaces—Allowable deviation from 
a specified contour is 0.005 in. or 0.004 in. per 
in. of chord length, whichever is greater. This 
tolerance does not apply to an arc of more than 
90 deg. 


Section thickness. Thickness of sections usually 
ranges from 0.050 in. up to several inches. 
Ratios of thickness to width vary with ma- 
terials used and are standardized for aluminum 
and magnesium extrusions. Aluminum alloys, 
such as 3003 and 6063 have a ratio of 8 in. 
wide to 3/32 in. thick; for 2014, it is 8 in. 
wide to % in. thick. 


DESIGN RULES 


1. Extruded shapes are usually restricted 
to those that can be contained within a circum- 
scribing 17-in. circle. Within this range, parts 
can be made as solid, hollow or semihollow 
shapes; T, L or V sections; rectangles; and 
complex shapes. 

2. Avoid extremely thin sections within a 
large circumscribing area. 

38. Avoid semihollow sections with unbal- 
anced die tongues. 

4. Avoid sections with extreme thickness 
variation. 

5. Avoid hollow shapes having unsymmetrical 
voids or inadequate thickness between voids. 
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STEPPED EXTRUSIONS 


Stepped extrusions are commonly produced 
by utilizing two sets of extrusion dies. 

In designing a stepped extrusion it is impor- 
tant to use dimensional tolerances that are 
realistic, yet avoid an excess of stock. Stepped 
extrusion tolerances have not been standard- 
ized, but those given in the accompanying 
sketches are typical. Straightness tolerances 
differ from those for normal extrusions. In 
addition, special tolerances apply to the step 
area and across the parting line when split 
dies are used. 

Because of the inherent instability of split 
dies, cross section tolerances of stepped extru- 
sions are usually greater than for normal 
extrusions. In locating parting lines, it is 
important to consider not only tolerances but 
also the ability to remove tools from the section. 
It is sometimes necessary to provide slight 


Over-all 


draft angles on extended elements. 

Although the major and minor sections may 
frequently have a common plane, this is not 
a requirement of the process. In all cases, 
however, the major section must completely 
enclose the minor section. It is generally neces- 
sary to provide machining stock on all surfaces 
to obtain the required dimensional accuracy 
and surface finish. 

Straightness of the over-all part is measured 
by deviation from a reference line, the junction 
or step area (8 in. on either side of the step) 
being excluded. Straightness of the minor or 
major portion of the extrusion is determined 
individually. Because of the difference in flow 
conditions in extruding the major and minor 
sections, the junction area usually presents the 
greatest straightening problems. Minor and 
major portions are usually furnished to stand- 
ard extrusion straightness tolerances. 


Straightness 


Over-al/ length less than 20 ft -0.250in. 
Over-all length more than 20 ft-0.0/5in./tt 


Y, Junction 
YJ 


Major. Step 
section orea 


ga” 


Step area 


Typical- in. 
Registry 


Parting lines 


Minor 
Section 
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Impact Extrusions 


GENERAL 


Parts made by impact extruding cannot be very 
large or very small. They must be concentric in 
design, but can be provided with lugs, flutes and 
similar projections. Mechanical properties of impact 
extruded parts are usually high because of the 
tremendous amount of cold work involved in the 
process; this is particularly true of carbon steels. 

Often a concentric impact extrusion is sectioned 
after forming to make two or more parts which 
could not otherwise meet the design requirements 
of impact extrusion. Examples are semicircular and 
U-shaped pieces. 


Comparisons. Both impact extrusion and deep draw- 
ing use a combination of punch and die to form 
a hollow shell from a cold blank, and for some parts 
equivalent speeds are used. The difference lies in the 
manner in which deformation occurs. In impact 
extrusion the metal is forced through an orifice 
between punch and die under compressive stresses; 
in deep drawing the metal is pulled into the die by 
the punch and stressed in tension. 

Both impact extrusion and ordinary extrusion 
force metal through a die under compressive stresses. 
However, the metal is generally cold worked in 
impact extrusion and hot worked in ordinary extru- 
sion. In addition, impact extrusion produces a single 
component that may or may not require further 
operations, whereas ordinary extrusion generally 
produces a continuous cross section such as a rod, 
tube or structural shape. 

An impact extruded part can be considered as a 
modified forging in which the flash forms the side 
walls. The part has a base that, in backward extru- 
sion at least, is a forging, and side walls that are 
extrusions. 


Advantages. 

1. High speed production is possible. 

2. Unit cost of mass produced parts is low. 

3. Material saving and excellent metal recovery 
are achieved. 

4, Process requires few operations. Ribs, fins, 
holes, etc., are formed during extrusion. 


COMMERCIAL SIZE RANGES 
FOR ALUMINUM IMPACT EXTRUSIONS 





Wall Thickness, in. Diameter, in. 


Material 





Max Min Max Min 





1070 (collapsible tubes)...) 0.010 | 0.0035 2% % 


LER, Pei cnesceccccsss Ypa 0.010 6 % 
Medium Strength Alloys..] %* 0.040 5 % 
High Strength Alloys... .. Ye 0.062 4 Vy 

















sSome authorities state that the maximum wall thickness is “not 
known.” 











5. Parts have dimensional uniformity with close 
diametrical tolerances. 


6. Tooling is relatively cheap. 


7. Surface finishes on the order of 20 to 70 micro- 
inches are obtainable. 


8. Bottom thicknesses are independent of wall 
thicknesses. 


9. Parts can be made with zero draft angles and 
sharp corner radii. 

10. Parts have excellent properties; for example, 
cold formed low or medium carbon steel parts have 
mechanical properties equivalent to those of heat 
treated carbon and low alloy steels. 


Limitations. 


1. Relatively few alloys can be processed com- 
mercially at present. 


2. Shapes that can be produced are limited. 

3. Length-to-diameter ratio is restricted. 

4. Maximum size of part is limited by press 
capacity. 

5. Comparatively high equipment costs limit ap- 
plications to relatively high production runs. 


DESIGN FACTORS 


Sizes. Part sizes and dimensional tolerances vary 
considerably, depending upon the metal. Some typical 
figures: in aluminum, wall thickness ranges from a 
maximum of % in. down to 0.010 in. in the soft 
alloys or 0.062 in. in the stronger alloys. Diameters 
of parts can be as great as 6 in. in the soft alloys 
and 4 in. in the hard alloys, and as small as % in. 
Larger parts would require extremely high pres- 
sures, and smaller parts would involve excessive tool 
damage. 


Tolerances. Typical commercial dimensional toler- 
ances for aluminum are as follows. On walls as thin 
as 0.10 in., the tolerance can be held to 0.010 in. 
Over 0.15 in., the tolerance must be increased to 
0.020 in. Diameters can be held to 0.010 in., but 
lengths are not usually guaranteed any closer than 
3/16 in. 


Materials. By far the most commonly used material 
for mechanical parts is aluminum and its alloys. 
More than a dozen different alloys are used, depend- 
ing upon the end service requirements, but from the 
standpoint of extruding 1100 alloy is best. 

In steels, best results are obtained with those con- 
taining up to 1.2% carbon, although several alloy 
steels are impact extruded regularly. Steel parts 
must be somewhat smaller and have greater wall 
thicknesses than similar parts in aluminum. 

Magnesium slugs are heated to 500 to 700 F for 
impact extruding. Several different alloys can be 
used, but best results are obtained with alloy AZ31B. 

Several other metals are impact extruded to a 
lesser degree. They include lead, tin, copper, zinc 
and zirconium. 
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Fabricated Sheet Metal Parts 


STAMPINGS AND PRESS FORMED PARTS 


General. Blanking, pressing, stamping and drawing 
all have certain similarities, and are all done on 
hydraulic or mechanical presses or drop hammers. 
Each process consists of shearing or deforming a 
flat blank of metal sheet or strip in a die. 

In making blanked shapes, which are usually flat, 
the metal is deformed beyond the shear point so that 
a clean break results. In drawing or forming, the 
stresses involved exceed the elastic limit of the metal 
so that permanent deformation results. When ex- 
treme draws are required, it is often necessary to 
draw part of the way, then anneal the metal before 
making a subsequent draw. 


Limitations. Stampings and press formed parts must 
be rather simple in shape, e.g., a flat blank such as 
a motor lamination, or a shell with a symmetrical 
contour. Flanges and other projections are costly to 
attain. Uneven shapes, severe bends and other special 
features require costly die work and often result 
in production difficulties. 


Materials. Nearly any metal that can be rolled can 
be used for stampings and press formed parts; how- 
ever, materials that are essentially springy in nature 
should be avoided. Materials commonly used are 
carbon steels, copper, brass, bronze, aluminum and 
magnesium alloys, zinc, titanium, nickel alloys, and 
some high alloy and stainless steels. Stampings can 
be made with section thickness as little as 0.008 to 
0.005 in. but the majority of drawn and stamped 


COMPARATIVE FORMABILITY OF METALS- 

















Metal Alloy Rating 
hs sta lekicseurdide | Ee 100 
3003-0 95 
Magnesium (hot formed)........).............008- 95> 
NS Aun onc dokvtsce one 92 
 . eas 80 
ES 75 
Pe 75 
| arr 75 
Deep Drawing Steel............ ee 75 
S120. 0 b0 05s Rese abwes bance si 75> 
Commercial Steel.............. ieee 70 
Ds od id 1 neg canals kiseih oa 70 
Aluminum (as quenched)....... ae 60 
ae 60 
OS re 60 
TP ayes 1100-4 H........ 50 
Stainless Steel................. Tye0 dee........ 49 
Type 304........ 46 
ES Fey eee ee 3003-%4H........ 45 
Stainless Steel................. Type a2l........ 43 
Aluminum........ ie vdshvisess 5052-%4H........ 40> 
1100-%4H........ 40> 
Stainless Steel................. Type 347........ 40 
Re ee ee 3003-Y%H........ 35> 
5052-1%4H........ 30» 
*Based on rating of 100 for 1100-O aluminum. >T entative. 
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shapes are made from thicker materials. 


Dimensional tolerances. These vary with the thick- 
ness of the material being formed. Tolerances of 
+0.001 in. are possible on small pieces, and toler- 
ances on the order of +0.003 in. are possible on 
large pieces. These tolerances apply primarily to 
thin sections; tolerances must be more liberal for 
thicker sections. 


Stamped parts. The width of a projection should be 
greater than 1% times the material thickness and 
never less than 3/82 in. 


Pierced parts. 


1. The diameter (or smallest dimension) of a hole 
should be greater than the metal thickness and never 
less than 0.030 in. 


2. Distances between hole edges (or hole edge and 
blank edge) should be equal to or greater than the 
metal thickness. 


9 


3. Holes pierced near a bending edge should be at 
least 1% times metal thickness plus bend radius 
from the right angle side. 


Drawn shapes. 


1. Bends in metals should be made as nearly at 
right angles to the grain or rolling direction of the 
metal as is possible. Bending across the grain means 
less likelihood of the metal tearing during drawing. 

2. Radii, particularly those on the inside of shapes, 
should be as large as possible, especially at the 
bottom of the draw. A radius should always be at 


PENETRATION OF PUNCH THROUGH METAL IN BLANKING 
OR PIERCING OPERATIONS 

















Annealed Partially Cold Worked 
Metal Resistance | Reduction | Resistance | Reduction 
a to or to or 
Shearing, |Penetration,| Shearing, | Penetration, 
psi % psi % 
errs 3,500 50 —s —* 
| re 5,000 40 —* _— 
Aluminum...... 8,000 60 13,000 30 
See 14,000 50 19,000 25 
| Pee 22,000 55 28,000 30 
See 32,000 50 52,000 20 
Bronze (90-i0). . _ ~ 40,000 30 
Tobin Bronze....} 36,000 25 42,000 17 
Steel 
0.10% C...... 35,000 50 43,000 38 
0.20% C...... 44,000 40 55,000 28 
O.207— C...... 52,000 33 67,000 22 
0.40% C...... 62,000 27 78,000 17 
0.60% C...... 80,000 20 102,000 9 
0.80% C...... 97,000 15 127,000 5 
1.00% C...... 115,000 10 150,000 2 
Silicon Steel..... 65,000 30 -~ _— 
eee 35,000 55 — ~ 














*Anneals at room temperature. 


continued 
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Forms and Shapes of Materials 


MINIMUM BEND RADII FOR MAGNESIUM ALLOY SHEET + 











Forming Temperature, F 
Alloy oo Ome 
* — 
70 | 300 400 | 500 | 600 
Ml 
Annealed (Mla)... 5T 4T 3T 2T| IT 
Cold Worked (Mlh)........ 11T | 84T | 6Y4T | 44%T] - 
AZ31 
Annealed (AZ31Xa)...... 3%T 27; 1%T!} 17 
Cold Worked (AZ31Xh).. YT 3T | 
AZ51X 
Annealed (AZ51Xa)........ 6T | 44T | 3%T | 2%4T)} 2T 
Cold Worked (AZ51Xh)......] 9T | 64%T | 4%T 

















*Experimental values, where T = metal thickness. 


MINIMUM BEND RADII 
FOR AUSTENITIC STAINLESS STEELS + 





Annealed........ eth ah ta Pood aoe kee eat .... ¥AT tolT 
Sere, nts Meg CE Bi a NG dag 1T to 24%4T 
A tro). Ate 9. eo) ch Pa eee 24%T to 4T 
Ra? Shwe ks 6 hd i oct a tt Sue ae 3T to 5T 
Se Le ee | 





«Where T=metal thickness. 


least equal to the thickness of metal being drawn. 

3. Radii on the under side of flanges should be at 
least 1/16 in. in the lightest gages, % to 5/16 in. 
in medium thicknesses, and 1% times the stock thick- 
ness in heavy metal. 

4. Connecting radii should be larger than the 
stock thickness. 

5. On blanked and shaped parts, depressions 
should not be deeper than twice the stock thickness. 
In certain cases, where a hole is permissible, the 
depressions can be greater because the metal can 
stretch further. 

6. Draws should be as shallow as possible because 
they are easier to achieve and less costly than deep 
draws. A draw should never be more than 1% times 
the punch diameter. 

7. The punch should cover about 50% of the blank 
area in any draw. 


8. Use flat bottoms where possible. 


9. Beading, flanging or corrugation can be used to 
add stiffness. 


10. When notching is required, it is done as a final 
operation so that the notching will not be distorted 
during the drawing operation. 


11. Widest possible tolerances should be provided. 
12. In designing shapes, and particularly the tool- 





Fabricated Sheet Metal Parts—continued 





MINIMUM BEND RADII FOR ALUMINUM SHEET: 





| 
| | 
| 












































Gage, | 2024-0, | 

in. | 7075-0, | 2024-W, ¢ | | 2024-T3, 

# | 7075-W+| 7075-T6| 2014-0 | 2014-T3 | 2014-T6 | 6061-0 

| | 
0.020.) Ye | % Ms | Yeo ee 0 
0.025.) Ye | % he | “Ww | %& | 0 
0.032.) Ys | % Me | Ye | & 0 
0.040.. Yo | | Vo Yo | ¥, 0 
0.051.) % | % | Ww | w | % 0 
0064.1 % | % | we | Se | we 0 
0.081.) 5 | ¥%, hq ea %e 0 
0.09.) % | ¥% Yo "% Yo 0 
0.102.. He % Yo | Ars ”6 0 
0.125.) ww | % Vf ¥, y Vie 
0.156.) % | 1 hp Me | Y, 
0.187.) % | IY % | % | % 
Gage, 5052-H32 | 5052-H34 | 5052-H38 
in. |6061-T4|6061-T6| 5052-0 | % Hard | % Hard | % Hard 
ry 
| 

0.020.) % Veo 0 0 0 Von 
0.025..1 %& Vin 0 0 0 Vo 
0.032.) Ye Von 0 0 | 0 Vo 
0.040.1 “% Vig 0 S it ik Ys 
0.051.) % Vig 0 | % “Ue 
0.064.) Ye Yo 0 cE) = Yo 
0.081.) % Y, 0 Vo Vis Y, 
0.091.) % fg 0 | Mw | & | %& 
0.102 Ye ie 0 % | % hg 
0.125.) %e % | 0 %| % | % 
0.156. Ae Ye | 0 Yo Ye | \Yy 
0.187..| % % 0 He a | % 
Gage, | 

in. } 5052-H38 | 1100-H12 | 1100-H14 | 1100-H16 | 1100-H18 

. Hard 4 Hard \% Hard ¥% Hard Hard 
0.020.) 0 0 | 0 Vo 
0.025..) “ 0 ee Vo 
0.032.) 0 “Se ak Pee ee 
0.040.) 0 0 0 | % 
0.051.) % 0 0 Vig Vis 
0.064.) % 0 0 Vis Yq 
0.081..) % Von Vo Vie Ym 
0.091..) % Vie Vie Yq Y 
0.102.) % Yq Yo Vp a 
0.125.. ¥ Ve \% Vp Vp 
0.156.) % hq yg Ye \% 
0.187.) % Ye ie %a % 




















*Minimum allowable radii for bending aluminum alloy sheet ¢ spend 
on thickness, temper and composition. Values given in the table are 
for 90-deg bends and should be increased for bends greater than 90 deg. 

bFreshly quenched and formed within 2 hr max, or 24 hr max if iceboxed 

at 32 F. 

eFreshly quenched and formed within 44 hr max, or 24 hr max if ice- 
boxed at 32 F. ’ 


ing required, the springback characteristics of the 
metals must be considered. 
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BEND ALLOWANCES IN STEEL SHEET + 








Inside Bend Rad., 


in. 





Metal Thickness, in. 










































































+ oz | 028 | 035 | 049 | 065 =| = 095 120 | 187 250 
032... 00072 | .00076 | 00082 | .00093 | 00105 | .00129 00148 =|  .00200 
.0625.. .00126 00131 | .00136 00147, | 00160 | .00183 00203 | .00255 
.093... .00180 00185 | 00191 | .00202 00212 .00238 .00257 .00309 
.. .00235 00240 | .00245 | 00256 .00269 .00292 .00311 .00364 
156... 00289 , .00294 | .00300 .00311 .00323 .00346 .00366 .00418 
.1875.. 00344 | .00349 | .00354 .00365 .00378 .00410 .00420 .00473 
218... 00398 | .00403 | .00409 00419 .00432 .00455 00475 00527 
.250.. .00453 .00458 .00463 00474 .00487 .00510 .00529 .00582 
.281.. .00507 00512 =| = .00517 .00528 .00541 .00564 .00584 | .00636 
alee. .00562 .00567 00572 .00583 00596 | .00619 00638 | .00691 
ea.. .00616 .00620 .00626 .00637 00650 | .00673 .00693 00745 ~ 
te.. .00671 00675 .00681 .00692 .00705 .00728 00747 .00800 .00849 
.406.. 00725 .00730 00735 | .00746 | 00759 =| .00782 .00802 .00854 .00903 
4375. .00780 .00784 00790 | .00801 | .00813 .00837 .00856 .00908 .00958 
468. .00834 .00839 | 00844 | .00855 |  .00868 .00891 .00911 .00963 .01012 
500... .00889 .00893 | .00899 .00910 .00922 .00945 .00965 01017 .01067 
Si... .00943 .00948 .00953 .00964 00977 .01000 .01019 .01072 01123 
5625... .00998 .01002 .01008 .01019 .01031 .01055 01074 01126 01175 
Ss... .01052 01055 01061 | .01072 .01084 .01108 01127 01179 .01230 
625... 01106 =| ~— OLLI ; 01117, | ~—.01128 .01140 .01161 .01183 01235 01284 
, Seer e 01161 | .01166 | .O1171 | .01182 01194 01218 01237 01289 .01339 
*Allowance for 1 deg of bend; multiply value in table by number of degrees in bend. 
BEND ALLOWANCES IN ALUMINUM ALLOY SHEET > 
Metal Thickness, in. 
Inside Bend Rad., , Pan 7 _ 
in. 
+ 020 025 032 | 040 051 | 064 081 | 091 128 
032.. 00070 00074 00079 ~ = | a | - 
0625. 00125 .00129 .00135 .00140 .00149 00159 | _ | - 
093... 00179 .00183 .00188 .00195 00203 | .00213 | .00226 .00234 ~- 
ere 00234 | .00238 .00243 .00249 .00258 .00268 .00281 .00289 .00317 
AUB... 00288 | .00292 .00297 .00304 00312 .00322 .00335 .00343 .00372 
1875... 00342 | .00347 .00352 .00358 .00367 .00377 .00390 .00398 .00449 
/ ee 00397 | = .00401 .00406 .00412 00421 .00431 00444 00452 .00481 
;. 00451 00455 .00461 .00467 .00476 .00486 .00499 .00507 .00535 
| =» .00506 .00510 00515 .00521 .00530 .00540 .00553 .00561 .00590 
3125... .00560 .00564 .00570 .00576 .00584 .00595 .00608 | .00616 .00644 
343... 00615 .00619 .00624 .00630 .00639 .00649 00662 | .00670 .00699 
MPO... .00669 .00673 .00679 .00685 .00693 .00704 .00717 .00725 .00753 
, ore .00724 .00728 .00733 .00739 .00748 .00758 .00771 .00779 .00808 
ASTS. .. .00778 .00782 .00787 .00794 .00802 .00812 .00826 .00834 .00862 
Se .00833 .00837 .00842 .00848 .00857 .00867 .00880 .00888 .00917 
[_ 00877 .00891 .00896 .00903 .00911 .00921 .00935 .00943 .00971 
. Oe .00942 .00946 .00951 .00957 .00966 .00976 .00989 .00997 .01051 
SED. ..... .00996 .01000 .01005 .01012 .01020 .01030 .01043 .01051 .01080 
. ae .01051 .01055 .01058 .01065 .01073 .01083 .01098 01105 .01133 
SE | .01105 .01109 01114 01121 .01129 01139 01152 .01160 .01189 
ee 01160 01164 01170 01175 .01183 .01193 01207 01214 01245 
* Allowance for 1 deg of bend; multiply value in table by number of degrees in bend 
continued 
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THICKNESS TOLERANCES FOR DRAWN PARTS (in.) 








| 
Thickness, in. Up to 2 In. Dia Up to 6 In. Dia 

+ | 
ee <dee +0.005 | +0.008 
ee ees a oe +0.006 +0.010 
i ene £0.08 | +0012 
Se eae ia +0.010 | +0.015 
aa A ES +0.015 +0.020 








RECOMMENDED MAXIMUM REDUCTIONS IN DRAWING (%) 





oo i as. ciivdae ond a aebmancadeeveieenses 45 
ee NE a cicccineunwcadbbud hairs 0dserbennncei 50 
EEE NON See eee as ee ee 45 
LSE: Se iosaa 
IR a eee ne ee ; ..90 
Aluminum (annealed, % hard)....................0. 0. cc cee ueee 45 
Aluminum’Alloys 

on cans sccccenecteccdeccteveances 45 

Heat Treatable,’As Quenched................0.0c00cccceeuees 40 
dsc Seba tlcndbasweessdcsshaslasnvdns'ssayayees 40 





MINIMUM PUNCH RADIUS FOR DRAWING CUPS »+ 











Steel Aluminum 
Ratio of so ee 3 SO 
Draw Depth 
to Draw Stainless |1100-0,3003-0} 2024-0, 
Dia SAE 1010 | 302, 304 5052-0, 2014-0, 
a 6061-0 7075-0 
Sas 2T IT 2T 
Ticidenixended IT - 2T 3T 
ENS 2T ~- 3T 4T 
eden. Lol -— ~- 4T -- 

















*Where T=thickness of material. 


ROLL FORMED SHAPES 


Roll formed shapes have been produced from 
material % to % in, thick, but usually the material 
used in roll forming is less than 0.125 in. thick. 
Roll forming machines are capable of handling sheet 
and strip varying in width from a fraction of an 


Fabricated Sheet Metal Parts—concluded 











PERMISSIBLE STRETCH IN STRETCH FORMING 
THIN-WALLED SECTIONS (%) 





Aluminum Alloys 


2024-0, 7075-0........... ‘ees cava cee 
2024 (-0, -T or as-quenched).......... > ....68 
i! ee 
Austenitic Stainless Steels (type 301) 

SSeS eee scares (jaecene 
EE, ee eee rT rr 
ND iid a 5 « Saiahlns avs evieareee dbs PP re ..5-10 
0 EERE ae eee ee ee (icdaien 





*Up to 10% in the web. 
bUp to 30% for symmetrical and rigid sections. 


MINIMUM HOLD-DOWN PRESSURES (Psi) * 





RE GRIPE TIION « g-6:5e a.) sic once sseavcdeses ‘eke nee 
Austenitic Stainless Steels........ Pisa kata ..... 1000 
is 5 cuaunbxed'e's ds .....-100 
Aluminum Alloys... .. 200-500 
eo <5 oa ntsigedaai ev destindadserneie — 
ED ne 250-300 


I ooo dal Ng aa 6 kee 





*Per unit hold-down area. 


inch up to as much as 80 in., though most shapes 
are made from material less than 20 in. wide. 

Dimensional tolerances must be comparatively 
liberal, primarily because of variations in the thick- 
ness of the raw material. Usually dimensional toler- 
ances of +0.002 to 0.015 in. must be allowed. 


SHORT RUN, PRESS FORMED PARTS 


In the past, stampings and press formed parts 
could only be considered when huge quantities of 
parts were required. During the past few years, 
however, new techniques have been developed to 
extend the advantages of press forming to relatively 
small quantities of parts. These methods utilize soft 
die materials (which are easily worked but have 
short service lives), rubber blankets, or flexible 
punches or dies. These materials reduce die costs 
sufficiently to permit amortization of costs over 
comparatively small quantities of finished shapes. 
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Rubber pad. In the rubber pad or Guerin process, 
a rubber block or pad in the head of the press is 
used as the second die member to form a sheet metal 
blank around a punch or form block. 


Flexible female die. One method is typified by the 
Hydroform press, which uses a flexible diaphragm 
covering a cavity filled with hydraulic fluid. The 
other method, the Marform press, utilizes a solid 


RECOMMENDED LIMITATIONS 
FOR RUBBER PAD FORMING 





Austenitic 
Stainless Steels 


Heat Treatable 


Metal Aluminum Alloys 


-0 -T Annealed | % Hard 





Max Sheet Thickness, in....} 0.187 0.064 0.078 0.032 
Recommended Flange Width} 46+ Ye+ Yet 
(straight, not >90 deg), 
Pitco st anenkeasne ys 2.5T 4T 45T % 
Max Metal Thickness for 
Forming Flanges, in. 


Stretch Flanges........ 0.125 | Special 0.050 0.016- 
methods 0.030 
required 


Lightening Hole Flanges..} 0.125 0.064 | External | External 
0.060, | 0.040, 
internal | internal 


0.050 0.030 

















*®T =metal thickness. 


PERMISSIBLE STRETCH IN PRESS-DIE AND 
HYDROPRESS RUBBER FORMING STRETCH FLANGES (%) 





Aluminum Alloys 


2024 (-0 or as-quenched). .................... 00.00 eee 188, 12> 
I Ns cnc ve cicedeeeunvadecceeces 18, 12> 
ae ink oni 5 bbad ha sccesbuoanyeisent 128, 8b 
| ae et inch Raat cte oe cake ckcn dae 7s 
A RR Reape SES rae © Ovi Oe ere ee en 30 
Stainless Steels 
Ce ere 40 
i i) 30 
aaa | cg vais cc owav-ee ba ¥ sade kebee 25 
hitches Fn eares Ki aeehe ter eneceeoreeveNewes 10 





*Routed edge. bSheared edge. 


rubber pad which holds the blank, while regulated 
hydraulic pressure allows the punch to move into 
the pad, forming the part. 


Flexible punch. Water or soluble oil is used as the 
male die member to force the sheet metal to conform 
to the configuration of the female die. 


Drop hammer forming. Zinc-base alloys and lead are 
normally used for the dies since their low melting 
points permit rapid and economical fabrication of 
tools. In simple drop hammer work, there is no hold- 
down force on the blank; therefore, commonly en- 
countered shapes have flanges and shallow depres- 
sions rather than drawn recesses. Parts are formed 
rather than drawn. Relatively deep draws can 
occasionally be accomplished with auxiliary devices 
and fixtures. Reverse contours and saddleback shapes 
are particularly difficult to form with a drop hammer. 


RECOMMENDED SINGLE DRAW LIMITATIONS 
FOR MARFORM PROCESS 














Max Depth of Draw at 
Cup Dia, Indicated Pressure, in. Min 
in. a, Sl ee 
& in. 
6000 psi | 12,000 psi 
l err ye | % | 0,008 
Maks cnt heedwowekweabs *, | ly 0.010 
Dikdits 6's aces) xdevalanil l | 2% 0.015 
ARREARS. 1% | 3 | 0.020 
ee renee 1% 3% | 0.025 
6... 2 4y, 0.030 
ee 2, 5% 0.035 
8 2% 6 | 0.040 





MAXIMUM CUP DEPTH IN MARFORM PROCESS» 








Metal Thickness, in. Max Cup Depth, in. 
| IRE ET ree irre o% 
si Pee haces ahaha ns beeee. 4h, 

a I ee Lie cs ew beaianad 4% 
Lue 5 th Vic dba dle Va we 560082 deur anes ares Ay, 





*Based on reduction from 12-in. dia blank to 444-in. dia cup, 15,000 psi 
forming pressure. 
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Forgings 


FORGEABLE METALS 

Carbon steels. Low carbon (up to 0.25%) forgings 
for moderate conditions and for carburized parts 
where resistance to abrasion is important. Medium 
carbon (0.30 to 0.50%) forgings for more severe 
service; some heat treatment is generally desirable. 
High carbon (> 0.50%) forgings for hard surfaces 
and springs; heat treatment is essential to obtain 
other desired properties. 


Alloy steels (manganese, nickel, nickel-chromium, 
molybdenum, chromium, vanadium, chromium-vanadi- 
um, tungsten, silicon-manganese). Forgings from 
these steels are used wherever higher strength, 
resistance, durability, etc., are wanted. The proper 
selection of a particular composition, together with 
its subsequent heat treatment, depends upon the 
particular service requirements of the part. 


Corrosion and heat resisting, and stainless, steels. 
These steels are usually high in chromium or nickel, 
or both. The particular type of corroding agent to 
be encountered determines the best composition. 
Generally, but not necessarily, forged surfaces should 
be polished to obtain full benefit of corrosion resist- 
ance properties. 


Iron. Wrought iron and ingot iron are forged for 
special applications where ductility is required. 
Wrought iron furnishes a moderate degree of cor- 
rosion resistance. The copper-bearing irons and low 
carbon steels are in this class. 


Copper, brasses, bronzes. Copper forgings have ex- 
tensive applications in the electrical field. The brass 
and bronze alloys have moderate corrosion resistance 
properties. Some of the bronzes have moderately high 
strength and good bearing properties. 


Nickel, nickel-copper alloys. Pure nickel is forge- 
able. The alloy of nickel and copper known as monel 
metal offers a desirable combination of strength, 
toughness and corrosion resistance. 


Light alloys (aluminum, magnesium). The light 
alloys have about one-third the weight of steel, and 
some have approximately the strength of low carbon 
steel. Forgeable alloys are available in both the 
aluminum and magnesium groups. 


COMMERCIAL FORGING PRACTICE 


Impression die forgings are sold by the piece and 
not by the pound. It is understood without specific 
mention that the excess metal or flash of forgings 
shall be removed by trimming, and that forgings 
shall be free from injurious defects. 


Quantity. The quantity specified permits standard 










practice limits on over-runs and under-runs. 


Size. Forgings within commercial size limits will be 
furnished unless closer tolerances are specified. 


Coining or sizing. Closer tolerances may be obtained 
by additional hot or cold sizing operations. 


Surfacing conditions. Forgings are furnished in a 
cleaned condition obtained by tumbling, pickling or 
blast cleaning unless otherwise specified. 


Special requirements. Any special requirement, such 
as heat treatment or special tests, should be clearly 
stated. 


Preparation charges. The production of impression 
die forgings requires the preparation of special dies 
and tools which may be charged to the customer as 
a separate item called “preparation charges.” The 
customer has the exclusive right to use such dies 
and tools, but because the full cost is generally not 
included in such a charge he does not have the right 
to remove them without additional payment. Any 
such dies and tools are maintained in the future 
without further charges to the customer. 


4 


TOLERANCES 


Standard tolerances given on these pages are for 
forgings up to 100 lb. 

Special tolerances may be specified when regular 
tolerances are not applicable. Regular tolerances, 
shown here, are classed as “Commercial Standard” 
and “Close Standard.” 


MISMATCHING , TOLERANCES + 











Weight of Part Commercial, in. Close, in. 
5 
Net Weight up to... 
SI Pre xcs k ces aned 0.015 0.010 
Ee Siw Cone tic eae os 0.018 0.012 
Ae ees 0.021 0.014 
SR ee aes 0.024 0.016 
Each Additional 6 Ib Add. . 0.003 0.002 
For Example: 
i cia op vila oa 0.033 0.022 
AA tee © 0.042 0.028 











*Mismatching tolerances are independent of, and in addition to, any 
other tolerances. Mismatching is the displacement of a point— in that 
part of a forging formed by one die block of a pair—-from its desired 
position when located from the part of the forging formed in the other 
die block of the pair. Mismatching does not include any displacement 
caused by variation in thickness of the forging, but is only the dis- 
placement in a plane parallel to the main or fundamental parting 
plane of the dies 
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SHRINKAGE AND DIE WEAR TOLERANCES > 




















Shrinkage Die Wear 
Length or Max Net 
Width, in. Commer- | Close, in. Wt, Ib Commer- | Close, in. 
+ cial, in. + + & cial, in. + 
l 0.003 | 0.002 ] 0.032 0.016 
2 0.006 | 0.003 3... 0.035 0.018 
3 0.009 | 0.005 5. 0.038 0.019 
eee | 0.012 | 0.006 ae 0.021 
es dink 0.015 0.008 icing cae ten 0.044 0.022 
ee ead 0.018 0.009 Siskiakeipced “ae 0.024 
For Each Addi- For Eadh Addi- 
tional Inch tional 2 Lb 
_ ere 0.003 0.0015 er 0.003 0.0015 
For Example: For Example: 
Bee ke wise 0.021 0.011 ee 0.050 0.026 
ae 0.036 0.018 Te sas : 0.062 0.031 











«Shrinkage and die wear tolerances shall not be applied separately. They shall be applied 
as the sum of the two and shall be measured in such a way as to eliminate draft or 
variations in draft. They apply to that part of the forging formed by a single die 
block, and to no dimension crossing the parting plane. 


DRAFT ANGLE TOLERANCES 




















Drop Forgings | Upset Forgings 
Type »> 
Outside, deg | Inside Holes, deg | Outside, deg | Inside Holes, deg 
Nominal Angle... . 7 | Torl0 | 3 5 
Commercial Limits 0-10 | 0-13 | 0-5 0-8 
Close Limits...) O08 | 08 | 04 0-7 





QUANTITY TOLERANCES «+ 























No. of Pieces} Over-Run, | Under-Run, No. of Pieces Over-Run, | Under-Run, 
on Order pieces pieces on Order % % 
A . 
aie l 0 100-199.......... 10 5.0 
ae 2 l 200-299.......... 9 4.5 
6-19....... 3 l 300-599.......... 8 4.0 
20-29...... 4 2 600-1249......... 7 3.5 
30-39...... 5 2 1250-2999....... 6 3.0 
40-49...... 6 | 3 3000-9999........ 5 2.5 
90-59... ... 7 3 10,000-39,999.... 4 | 2.0 
60-69...... 8 4 40,000-299,999... 3 1.5 
70-79...... 9 4 300,000 up....... 2 1.0 
80-99...... 10 5 





*Quantity tolerances shall be the permissible over or under-run allowed for each 
release or part shipment of an order. Any shipping quantity within the limits of over 
and under-run shall be considered as completing the order. Commercial and close 
tolerances shall be the same amounts. 





THICKNESS TOLERANCES + 


























Commercial, in. | Close, in. 
Max Net Wt, _ 
Ib | 

Sa Minus Plus Minus Plus 
Os... ..| 0.008 | 0.024 0.004 | 0.012 
0.4... ..| 0.009 | 0.027 0.005 | 0.015 
0.6... 0.010 | 0.030 | 0.005 | 0.015 
| er 2 0.033 | 0.006 | 0.018 
1.0.........] 0.012 | 0.036 | 0.006 | 0.018 
rer 0.015 | 0.045 | 0.008 | 0.024 
3.0.........] 0.017 | 0.051 0.009 | 0.027 
4.0.........} 0.018 | 0.054 | 0.009 | 0.027 
0... _1 0.019 | 0.057 0.010 | 0.030 
e.... 0.022 | 0.066 | 0.011 0.033 
20.0.........} 0.026 | 0.078 | 0.003 | 0.039 
30.0... 0.030 | 0.090 | 0.015 | 0.045 
40.0.........} 0.034 | 0.102 0.017 | 0.051 
50.0.........} 0.038 0.114 0.019 | 0.057 
60.0... 0.042 | 0.126 | 0.021 0.063 
70.0.........] 0.046 | 0.138 | 0.023 | 0.069 
0.050 | 0.150 | 0.025 | 0.075 
oe 0.058 | 0.174 | 0.029 | 0.087 





*Thickness tolerances for drop hammer forgings apply 
to the over-all thickness measured in a direction per- 
pendicular to the fundamental parting plane of the 
dies. For upset forgings, thickness tolerances apply to 
the metal actually enclosed and formed by the dies, 
measured parallel to the direction of travel of the ram. 


FILLET AND CORNER TOLERANCES + 











| 
Max Net Wt, Ib Commercial, | 
s in. | Close, in. 

| nee” Yo ha 
et £5 Pua ate < fy Vo 
Se al eee es fo Sha 
BS nes evils Ae Yo 
BR Sos Coan bee 08 Fo | "ha 
| | Pn eee Vp | yy 





sFillet and corner tolerances apply to all intersection 
surfaces, even though drawings or models indicate 
sharp corners. If such drawings or models have or 
indicate fillet or corner dimensions of larger radii than 
these standards, such larger dimensions shall be con- 
sidered as actually specified and the tolerances shall 
be “special tolerances.” 

Where a corner tolerance applies on the meeting of 
two drafted surfaces, the tolerance shall apply to the 
narrow end of such meeting and the radius will increase 
toward the wide end. The total increase in the radius 
will equal the length of the drafted surface in inches, 
multiplied by the tangent of the nominal draft angle. 
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Plastics Parts 


The form in which plastics materials should be 
specified is largely determined by the nature of the 
material, Plastics resins are either thermoplastic or 
thermosetting in nature. Thermoplastic resins soften 
and flow when heated and harden when cooled. For 
mo!dings, the polymer is usually supplied in granu- 
lar form. After being heated to the fluid state it is 
charged to the mold or die, where it cools and 
hardens. 

Thermosetting plastics do not soften when heated, 
but gradually lose properties as temperature in- 
creases, until they char and disintegrate. For mold- 
ings, thermosetting resins are usually supplied in a 
partially polymerized granular form, usually with 
some type of fibrous reinforcement, They flow to a 
limited degree on initial heating, but as heating 
continues they polymerize completely and cure to a 
hard infusible state. 


MOLDED PARTS 


Injection molded parts. The injection molding process 
for plastics is similar in nature to the die casting 
process for metals. A thermoplastic molding com- 
pound is heated to plasticity in a cylinder at a con- 
trolled temperature and forced under a pressure of 
10,000 to 50,000 psi through sprue, runners and 
gates into a cool single or multiple cavity mold. The 
resin solidifies rapidly, the mold is opened, and the 
part or parts ejected. 

The primary advantage of the process, as is the 
case with die castings, is the relatively low cost per 
part. Multiple cavity molds can often be used. The 
cycle is rapid, since parts can be removed from the 
mold as soon as they solidify sufficiently. 

In some cases modifications of the injection mold- 
ing process can be used to mold small parts of 
thermosetting resins. These processes are called jet, 
flow or offset injection molding. They make use of 
the fluid state of thermosetting molding materials 
before complete polymerization. The process is suit- 
able only for relatively small parts, and is one that 
requires careful control of processing variables, such 
as temperature. 


Compression molded parts. Compression molding is 
primarily used to mold thermosetting plastics, 
though in some instances it can be used economically 
to mold thermoplastics, e. g., vinyl phonograph rec- 
ords. Thermoplastic materials cannot usually be pre- 
formed, but are charged as powder or granules. 

In compression molding, a partially polymerized 
thermosetting resin, usually in the form of a pre- 
form made from powder or granules, is placed in the 
heated mold cavity. The mold is closed, heat and 
pressure are applied, and the material flows and fills 
the mold cavity. The heat then fully polymerizes the 
material before the mold is opened and the part re- 
moved. 

In the case of thermoplastic materials, heating 
softens the polymer, which flows and fills the mold. 
Then the mold is cooled and the part solidifies. 

Less material is required for compression molding 
than for injection or transfer molding, since the 
material is placed directly in the mold, and no 
sprues, runners or gates are required. With thermo- 
setting resins, the cycle is longer than in injection 
molding, since the part must be cured in the mold. 


Cold molded parts. Cold molding is similar to com- 
pression molding in that it makes use of a split, or 
open, mold in which the material is charged. It dif- 








fers from compression molding in that it uses no 
heat—only pressure on the order of 2000 to 12,000 
psi, After the part is removed from the mold it 
placed in an oven to cure to its final state. 

Materials used for cold molding are classified 
as nonrefractory (organic) and refractory (inor- 
ganic). Organic types consist of binders — such as 
asphalts, oil derivatives and residues, and gum or 
resin solutions — and fillers, such as asbestos fibers 
and silica and magnesia compounds. Inorganic types 
consist of binders — such as cement, lime or silica — 
and fillers, such as asbestos. 

Cold molded parts are primarily used for elec- 
trical components. The materials have excellent 
electrical insulating properties, as well as resistance 
to moisture and heat, 


Transfer molded parts. Transfer molding of thermo- 
setting materials is roughly analogous to injection 
molding of thermoplastics. The thermosetting mold- 
ing compound is heated to plasticity in a transfer 
chamber, and is then fed to the mold cavity (or cavi- 
ties) through sprue, runners and gates. After the 
mold is filled, heat is maintained for a predeter- 
mined period of time to fully polymerize and cure 
the part. 

In comparison with compression molding, trans- 
fer molding is particularly advantageous where thin 
sections or delicate inserts are used. Since the design 
of runners and gates permits some control over 
where the material is to be fed to the mold, flow of 
the material can be more closely controlled than in 
compression molding. Also, closer tolerances can 
usually be held on transfer molded parts. On the 
other hand, transfer molds are usually more elabor- 
ate than compression molds, and there is a loss of 
material in the cull and sprue. Size of transfer mold- 
ed parts is somewhat limited. 


Design factors. Though it is difficult to generalize 
about design factors for injection, compression and 
transfer moldings, the following factors should be 
considered : 


Shrinkage—Allowance must be made for shrinkage 
of the molding compound in design of the part. In 
addition to affecting dimensional accuracy of the 
part, shrinkage can introduce internal stress which 
may make the part unserviceable. Shrinkage values 
for the various plastics are given in the data sheets 
in Section 5 of this issue. 


Wall thickness—Strength required both in service 
and during manufacture must be considered in de- 
signing wall thickness. In thermosetting materials, 
walls less than 0.062 in. thick are extremely difficult 
to obtain, and a minimum of 0.125 in. is preferred 
(see accompanying table). 


Draft—A draft taper in deep drawn parts, in 
addition to making it easier to remove a part from 
the mold, creates a wedging action as the the mold 
is closed. When thermosetting materials are com- 
pression molded, converging tapers increase the 
density of the plastic in the upper sections. There 
are no precise formulas for taper, but the most 
liberal taper the design can allow should be provided. 
Tapers of less than 1 deg can be used for deep 
parts; e.g., television cabinets 6 to 24 in. deep have 
been molded with tapers as small as 0.001 in. per in. 


Tolerances—A high degree of accuracy in molded 
parts is expensive to achieve. On small shapes, 
tolerances as close as +0.002 in. are possible. When 
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size is increased to a few inches, over-all tolerances 
increase to approximately +0.005 in. On large 
pieces, tolerances of about £0.001 to 0.002 in. per in. 
are obtainable. Tolerances closer than actually 
mandatory should not be specified; as specified ac- 
curacy increases, cost increases disproportionately. 


Design Rules. 


1. Use sufficient draft on long thin shapes to per- 
mit their withdrawal from the mold. 


2. Minimize coring. When cores are used they 
should be easy to withdraw. 


38. Avoid internal and external undercuts; they 
make withdrawal of parts difficult and require con- 
siderably more expensive molds. 

4, Provide ample fillets on inside corners, and 


avoid sharp external edges and corners except at the 
parting line of the die. 


5. Avoid large flat areas. Dappling or otherwise 
breaking up the surface is recommended. 

6. Keep tolerances as liberal as possible. Excessive- 
ly close tolerances add to cost because of increased 
die costs and high rejection rate. 

7. Avoid abrupt changes in wall thickness. 

8. Locate parting lines so that flash can be re- 
moved easily without marring surrounding areas. 

9. Locate holes for easy coring. 

10. Use ribs to achieve desired strength and stiff- 


ness. Ribs permit materials savings by reducing sec- 
tion thickness. 


11. Use inserts for threaded holes where high 
stresses are anticipated or where considerable wear 
is to be encountered. Round inserts are preferred. 


WALL THICKNESS OF MOLDED PARTS (in.) 























Material Mini- | Small | Aver- Large 
a mum Parts | age | Parts 
THERMOSETTING | | 
Phenolics | | 
General Purpose & 
Flock-Filled..... | 0.050 | 0.062 | 0.125 | 0.187-1.000 
Fabric-Filled........ 0.062 | 0.125 | 0.187 | 0.187-0.375 
Mineral-Filled....... 0.125 | 0.125 | 0.187 | 0.200-1.000 
Alkyd 
Glass-Filled....... 0.040 | 0.093 | 0.125 | 0.187-0.500 
Mineral-Filled...... 0.040 | 0.125 | 0.187 | 0.187-0.375 
Ureas, Melamines 
Cellulose-Filled. . . 0.035 | 0.062 | 0.100 | 0.125-0.187 
Fabric-Filled.........} 0.050 | 0.125 | 0.125 | 0.125-0.187 
Mineral-Filled....... 0.040 | 0.093 | 0.187 | 0.187-0.375 
THERMOPLASTIC | 
iain: d's +1040 0.025 | 0.035 | 0.093 | 0.125-0.250 
Cellulose Acetate....... 0.025 | 0.050 | 0.075 | 0.125-0.187 
Cellulose Acetate 
re 0.025 | 0.050 | 0.075 | 0.125-0.187 
Ethyl Cellulose.........] 0.035 | 0.050 | 0.062 | 0.093-0.125 
Polyamide............ 0.015 | 0.025 | 0.060 | 0.093-0.125 
Polyethylene.......... 0.035 | 0.050 | 0.062 | 0.093-0.125 
Polystyrene........... 0.030 | 0.050 | 0.062 | 0.125-0.250 
Polyvinyl Chloride. . 0.093 | 0.062 | 0.093 | 0.125-0.250 

















CASTINGS 


Materials. Any resin available in liquid form can be 
cast. Castable resins include phenolics, polyesters, 
epoxies, silicones and acrylics. 


Types of molds. The type of mold used depends on 
the plastic, the size and shape of the part, and other 
design considerations. 


Draw mold—No undercut is possible. Flutes and 
scallops must run in the direction of removal. Taper 
must be provided to break the vacuum and reduce 
friction. Castings are removed by force, and mini- 
mum wall thickness is critical, running from 1/8 in. 
on tiny parts to 3/16 in. on parts the size of radio 
cabinets. 


Split mold—Undercuts may be provided if they 
do not prevent release from the separate parts of the 
mold. Minimum wall thickness is 3/16 in., and parts 
less than 0.1 lb are not commonly produced econom- 
ically. 


Cored mold—This type allows complexity of de- 
sign, but is not usually feasible from a cost stand- 
point for parts less than 4 x 4 x 4 in. Molds re- 
quire no taper. Minimum wall thickness is 3/16 in. 
Mold shrinkage allowance must be considered. Ex- 
tremely large parts may be cast. 


Flexible mold—Model may be constructed of wood 
porcelain, metal, etc. Mold is of plaster with a 
lining of rubber latex or an elastomeric plastic. 
Epoxy materials may be cast in flexible molds, but 
most polyesters react with the lining material. Al- 
though parts cast in rubber molds cannot be held to 
the tolerances possible with matched metal molds, 
a reasonable degree of accuracy is reproducible. For 
example, on cast phenolic parts dimensions can be 
held to about +0.004 in. per in. The degree of 
accuracy obtainable on any part depends on the 
oversize allowance used in making the master pat- 
tern, the care with which the pattern is made, and 
the degree of accuracy attained in calculating 
amount of shrinkage during cure of the rubber mold 
and the cast resin. 


EXTRUSIONS 


In many cases, extruded parts are competitive 
with molded parts. Where many parts are required 
with a complicated cross section in one plane, the 
cross section can be produced by extrusion, and the 
parts formed by rapid, automatic cut-off to shape. 


Thermoplastics. In extruding a thermoplastic, the 
molding powder is fed through a hopper to a 
chamber in which it is heated to plasticity at a con- 
trolled temperature. The plastic powder is then 
driven, usually by a rotating screw, through a die 
having the shape of the desired cross section. The 
process is continuous and is used to produce tube, 
rod, film and sheet, as well as other continuous 
shapes. 


Thermosets. Reinforced thermosetting tube and rod 
can be produced by an extrusion process. The rein- 
forcing fibers are fed continuously through a bath 
of liquid thermosetting resin and then through a 
die of the desired cross section. The extruded shapes 
then pass through a cylinder held at a controlled 
temperature to polymerize and cure the thermoset- 
ting resin. Extrusion speed must be relatively slow 
to provide sufficient time for complete cure. 






continued 
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Forms and Shapes of Materials 


Plastics Parts—continued 


THERMOPLASTIC SHEET FORMED PARTS 


Materials. A variety of shapes and forms can be 
produced by thermoforming calendered, cast or ex- 
truded thermoplastic sheet. The materials that lend 
themselves to this method of forming include poly- 
styrene and modified polystyrenes, acrylics, cellulose 
acetate and cellulose acetate butyrate, vinyl polymers 
and copolymers, and polyethylene. Use of this type 
of molding has grown with the development of rela- 
tively low cost extruded sheet to replace more ex- 
pensive cast or calendered materials. 


Methods. Essentially, thermoforming involves pre- 
heating the flat sheet to 180 to 360 F, the tempera- 
ture depending on the material, and then forming 
by mechanical, air or hydraulic pressure to the de- 
sired shape. After cooling, the part is taken from the 
mold, and unwanted flanges are sawed or blanked 
from the part. All of the different processes have 
in common low forming pressures, and thus low cost 
molds and equipment (see accompanying box for de- 
tails on the types of parts producible by each 
method). In recent years, rapid-cycle forming ma- 
chines have been developed to make sheet molding 
more practical for large production quantities. 


REINFORCED PLASTICS MOLDINGS 


The term “reinforced plastics moldings,” as used 
here and in the plastics industry, refers to parts 
produced by impregnating a reinforcing material, in 
the form of cloth or mat, with a liquid thermosetting 
or thermoplastic resin, laminating the material into 
multiple layers, and curing with heat and pressure 
to form a dense, hard solid. It does not include ma- 
terials discussed later as “high pressure laminates,” 
which are available from stock as flat sheet, rod or 
tube. 


Materials. Resins used for reinforced plastics mold- 
ings include polyesters, phenolics, epoxies, mela- 
mines and silicones. Reinforcements include cloth or 
mat made from cotton, glass, asbestos and nylon. 
Glass reinforcements are most commonly used. Re- 
cently, there has been much interest in reinforcing 
thermoplastic resins, such as vinyls and acrylics, 
with cloth or mat made from thermoplastic synthetic 
fibers such as nylon. However, the bulk of reinforced 
plastics moldings today utilizes thermosetting resins. 


Methods. 


Contact molding—A low cost mold is used. Layers 
of reinforcing material are placed by hand against 
the mold surface; and resin is added, either by 
spraying or brushing after each layer is located. 
After sufficient layers of mat or cloth have been sat- 
urated with resin, they are allowed to harden with- 
out external application of heat and without applied 
pressure. 


Vacuum bag molding—Procedure is similar to con- 
tact molding except that when lay-up is completed, 
a flexible sheeting, usually polyvinyl alcohol, is 
placed over the impregnated reinforcement and a 
vacuum is drawn between the sheeting and the mold 
surface, This provides about 12 psi pressure on the 
part, permitting higher glass content. 


Pressure bag molding—Similar to vacuum bag 
molding except that a tailored bag is placed against 
the sheeting, and pressure is applied inside the 
bag to expand it against the impregnated rein- 
forcement (sometimes pressure is applied directly on 


the sheeting). Pressures up to 50 psi are usually 
used, making high glass contents practical. Some- 
times the entire assembly is placed in a large auto- 
clave that contains hot air or steam at 50 to 100 psi 
pressure (“‘autoclave molding”’). 


Flexible plunger molding—A metal female mold 
is usually employed and glass and resin are placed 
in the heated cavity. The plug portion is made of 
medium hard rubber, and is the approximate shape 
of the part to be molded. The rubber plug pro- 
vides uniform, high and fluid pressure. High glass 
contents are possible. This method is not practical 
for large moldings because of the high pressures 
and the limitations of the flexible plunger. 


Vacuum injection molding—Two molds, often made 
of glass-reinforced plastics, are used. The reinforce- 
ment is laid between the two molds and the resin is 
poured in a moat around the bottom. The resin is 
then sucked by vacuum up through the reinforce- 
ment. This tends to give air-free parts, and is used 
primarily for large parts. Glass contents are usu- 
ally low. 


Matched die molding—Can be used for parts up to 
about 60 sq ft in area, and is generally used for 
high production runs. Uses two metal molds which 
have a close-fitting, telescoping area to seal in the 
resin and trim the reinforcement. The molds are 
heated (with steam or electricity) to about 240 F. 
Where the length of run is sufficient, this method 
gives the lowest cost moldings and the highest pro- 
duction rates. 


Design rules. Designing molded reinforced plastics 
parts is difficult because of the large number of 
variables encountered in the material and the proc- 
ess, and the difficulty of controlling some of them. 
These variables include: 1) composition of the resin, 
including fillers, catalysts and hardening agents, 2) 
geometry of the reinforcing material, 3) resin- 
reinforcement ratio, 4) degree of saturation of rein- 
forcement by resin, and 5) temperature and time 
of cure. 


The cardinal design rule, which cannot be over- 
emphasized, is: consult the custom molder in the 
primary design stages. In addition, follow these 
general design rules: 

1. Integrate parts. 

2. Make prototypes. 


3. Mold to dimensions; parts cannot be “sprung” 
after they are molded. 


4. Use stress formulas valid for fiber-reinforced 
plastics. 


5. Know the conditions of use. 

6. Consider effects of the molding procedure. 

7. Use sandwich construction for maximum 
strength-to-weight ratios. 

8. To increase rigidity in stressed areas: a) in- 
crease the glass loading, b) use unidirectional rein- 
forcement where practical, c) place flanges and lips 
on edges, d) use ribs, corrugations, beads and dim- 
ples, e) increase wall thickness, f) use curved sec- 
tions rather than flat areas where possible, and g) 
use sandwich construction. 

9. Avoid drastic changes in wall thickness. 

10. Avoid sharp corners; use liberal radii. 

11. Use maximum draft. 

12. Avoid undercuts. 
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Cold bending. Simple circular or cylindrical 
shapes. The thicker the sheet, the larger the bend 
diameter must be to prevent high stress concen- 
trations. Ex: consumer packages. 


Hot line bending. Two-dimensional shapes with 
arc, angle or channel cross section. Gradual to 
sharp bends, depending on heating procedure. Ex: 
safety guards. 


Stretch forming (hot draping, yoke forming). 
Two-dimensional or slightly compound shapes, 
especially large shapes. Subject to surface dis- 
tortion. Not suitable for reproduction of fine 
details. Yoke forming provides more uniform 
thinning out and is suitable for longer runs than 
manual stretch forming. Ex: aircraft canopies. 


Plug and ring forming. Shallow to deep drawn 
shapes with gradual to sharp angles and curves. 
Not suitable for highly accurate contours or fine 
mold details. Considerable surface distortion, 
especially at inside corners—unsuitable where 
optical properties are critical. Ex: trays. 


Slip forming. Same as yoke forming or plug and 
ring forming except that much more uniform 
thickness and less optical or pattern distortion 
can be obtained throughout the part, especially 
in deep drawn shapes. Fluted edges obtained by 
increasing clearance. Ex: carrying cases. 


Free blowing or free vacuum forming. Somewhat 
modified surface tension shapes (tending toward 
fishbowl shapes) determined by shape or clamping 
ring and depth of draw. Internal flanges. Toler- 
ances %4-% in. Good optical properties. Vacuum 
method easier to control and preferred where 15 
psi is sufficient pressure. Ex: aircraft domes. 


Ridge forming. Simple or complex (with vacuum 
and/or air pressure) shapes with minimum sur- 
face distortion and low mold cost. Generous radii 
necessary to avoid tearing at ridges during form- 
ing. Combines possibilities of plug and ring form- 
ing, free blowing or free vacuum forming, vacuum 
forming and vacuum snapback forming. Ex: 
equipment housings. 


THERMOPLASTIC SHEET FORMING METHODS 


Vacuum forming or blow molding in female mold. 
Usually limited to relatively shallow draws, and 
relatively large angles and radii—more so the 
thicker the sheet. Blow molding offers higher 
pressures and is therefore more suitable for 
smaller angles and radii, especially in thicker 
sheet; also reduces forming temperature required 
for thick sheet. Both produce some surface dis- 
tortion—less so the more the shape of the mold 
resembles a surface tension shape. Ex: display 
signs. 

Blow-dieing. Small, thin shapes having greatest 
perimeter larger than neck—especially closed 
spherical or modified spherical shapes. Not suit- 
able for close tolerances. Ex: hollow toys. 


Vacuum forming over male plug (drape forming). 
Shallow to deep drawn shapes with relatively 
sharp angles and curves can be made with good 
accuracy and reproduction of fine mold detail, and 
without excessive thinning out. More accurate 
than plug and ring forming but not as suitable 
for thick sheet. Subject to surface distortion, 
especially at bottom of draw. Ex: display signs. 


Vacuum snapback forming. Especially suitable 
for modified surface tension shapes with minimum 
mark-off and closer tolerances (% in.) than ob- 
tainable in free blowing or free vacuum forming. 
Simple snapback method not suitable for reverse 
curves or sudden contour changes, but more com- 
plex shapes and finer reproduction of mold detail 
are provided by additional vacuum or air pressure. 
Integral flanges. Combines possibilities of free 
vacuum forming and plug and ring forming. Ex: 
aircraft domes. 


Matched die molding (embossing). Especially 
suitable for shallow draws, long runs and em- 
bossed surfaces. Relatively uniform thickness, 
good mechanical properties. Subject to surface 
distortion on both sides. Ex: watch crystals. 


Die pressing. Small, simple shapes that can be 
approximated in precut blank and have somewhat 
varying thickness, or relatively great thickness 
compared to over-all size. Ex: brush backs. 





13. Consider use of molded-in holes. 

14. Consider mold shrinkage. 

15. Design to practical dimensional tolerances. 
16. Design to avoid warpage. 


Secondary fabrication. See “High Pressure Lami- 
nates” below. 


HIGH PRESSURE LAMINATES 


The term “laminates” used here refers to those 
reinforced plastics materials formed by high pres- 
sures (over 1000 psi). Vulcanized fibre is also in- 
cluded because of the similarity of its applications. 
These materials are available as sheet, rod or tube. 


Materials. Resins used include phenolics, melamines, 
Silicones and epoxies, and reinforcements consist of 


MINIMUM COLD BENDING RADII 
FOR RIGID VINYL SHEETS 











Calendered Planished 
Thickness, Min Bend | Thickness, Min Bend 

in. Rad., in. in. Rad., in. 
0.005 

RR ee eae Y, 0.010.. vou 

eye 0.020.. ace 
0.010 0.030. ...14 

ES es Jel sean atetik sree l 0.040.. naan 

er ee 6% 0.050 ..18 
0.015 

a sok en chien 3 

Trans 9 
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Forms and Shapes of Materials 


Plastics Parts—concluded 


cellulose paper, asbestos paper, or fabric or mat 
made from cotton, glass, asbestos or nylon fibers. 
Vulcanized fibre has only one component—cellulose. 
It is made by laminating chemically gelled paper, 
leaching out the chemical, and calendering. The re- 
sulting laminate is tough and hornlike, and has good 
electrical properties. Properties of standard NEMA 
(National Electrical Manufacturers’ Assn.) lami- 
nates are given in Section 5 of this issue. 


Postforming. Certain grades of laminates can be 
postformed by the use of heat and pressure. Tem- 
peratures, times and pressures vary with grade of 
laminate, thickness of material, and design. Tem- 
peratures generally range between 350 and 480 F, 
heating time usually ranges from a few seconds to 
a few minutes at most, and pressures range from 
a few pounds to several hundred pounds per square 
inch. 

Although the following formability values should 
not be used for design, they do indicate general 
limits for postforming. Minimum radii are measured 
on the inside of bends, and apply to bends made 
lengthwise and crosswise. Smaller radii can be 
achieved with cloth-base laminates by orienting the 
sheet so that bends are made diagonally to the warp 
and fill directions. 


Thickness, in. Min Bend Rad., in. 








i) SOW STURT EeeR Ere re eerie 1/32 
6 FAAPPeYTECEeEEEL ET Te ey 3/32 
rs eee eee Sie ree 3/16 
|, BESPRT ES Pere ee ee eee 5/16 
3s, SPARS PPS UELTLECRETEL CS eee 9/16 
| eV TESS EEEEEL ETEK Ee UTS 1 

2 SS ween ere faye Tere 1 3/4 
DD Sadlngesad Os40eeen been sons 21/2 


Postforming grade laminates can be drawn to 
moderate depths. Both paper and cloth-base lami- 
nates in 1/16-in. thickness can be drawn to a depth 
of about 1% in. in a 3-in. dia spherical cup. 

Vulcanized fibre can be formed by the use of 
moisture and pressure. Water softens or plasticizes 
the fibre to the extent that it can be formed under 
relatively low pressures, usually between 200 and 
500 psi. In addition to forming in matched die 
presses, vulcanized fibre can be formed in standard 
sheet metal angle brakes and in punch presses if 
the design is simple and only a little moisture is 
required. 


Secondary fabrication. Machining and other second- 
ary operations carried out on reinforced plastics are 
similar for both low and high pressure moldings, 
as well as for laminates. 


Blanking and punching—Use of a punch press 
with a hard, well-made blanking or punching die is 
the accepted production method for cutting flat stock, 
putting holes into side walls of moldings, and other 
piercing steps. Punching of reinforced plastics re- 
sults in holes that are 0.002 to 0.010 in. smaller than 
the punch. Blanking gives parts 0.001 to 0.005 in. 
larger than the die. In each case, these values de- 
pend on a relation based on the thickness and the 
proportion of reinforcement. This “shrinkage” 
causes the material to seize the dies, so that a 
strongly loaded spring stripper mechanism is de- 
sirable. It has been estimated that a pressure of 
20,000 psi (on the shear-edge area) is sufficient for 


blanking, punching and shearing. 

Shearing—Shearing of %-in. thick stock is quite 
feasible. For best results, the piece should have a 
width of at least twice the thickness of the parent 
stock. Shear gibs must be snug and blades sharp. 

Sawing—Abrasive cutting wheels should be used 
whenever possible; rigid mounting of both the wheel 
and the work is important. A metal cutting blade, 
if used, should have coarse, offset, wide-spaced teeth. 

Drilling—Accurately located holes on side walls 
are difficult to mold. Where small runs are made, 
and where precision is required, drilling is recom- 
mended. There is no limit to the thickness that can 
be drilled. 

Tapping—Tapping is seldom performed, because 
the strength of a screw and tapped hole system is 
inferior to that of a nut and bolt assembly. Where 
light duty connecting is called for, self-tapping 
screws are satisfactory. 

Grinding—Widely used to provide the taper in glass 
fiber-reinforced plastics fishing rods. Satisfactory 
automatic machines are in common use. Standard 
coolants are employed so that rapid feeds and mini- 
mized wheel loading are possible. 

Routing, milling, turning—Routing is a practical 
production edging process and is faster and more 
accurate than jig-sawing where moderate numbers 
of irregular holes are to be cut. Milling and turning 
are not frequently required, but can be readily 
accomplished. Well-sharpened carbide or diamond- 
tipped tools provide good efficiency; speeds and feeds 
appropriate for brass are recommended, 


DESIGN FACTORS FOR GLASS-REINFORCED 
PLASTICS MOLDINGS «+ 


























Flexible | Vacuum | Matched 

Type of Molding » Bag Plunger | Injection Die 
Inside Radius (min), 

ee Y Y Y, Vy 
Molded-in Holes.....| Largeonly| No No Yes 
Trimmed-in Mold. ...} No | No No Yes 
Built-in Cores.......] Yes | Not rec Yes Not rec 
Undercuts..... _.| Yes | Only slight| Not rec | No 
Draft (min), deg. 5 | l 3 l 
Thickness (min), in...} 1/10 | Ye 1/10 Yo 
Practical Thickness | 

ee eee 2 1% Y Yh 
Normal Thickness 

Variation, in.......] 40.020 | +0.015 | +0.020 | +0.008 
Thickness Build-Up 

(max)............]| Asdesired| 2 to 1 max} Asdesired} 2 to 1 max 
Corrugated Sections. .| Core Yes, l-in.| Yes Yes 

better rad, 

Metal Inserts....... Yes Notrec | Yes Possible 
Surfacing Mat.......] No Yes Not rec | Yes 
Size of Part (max), 

| ere e 100 1000 175 
Metal Edge Stiffening.| Not rec | Not rec Not rec | Yes 
Bosses..............| Possible | Possible | Possible | Possible 
Pade ot vedsews Yes No No Short, yes 
Molded-In Labels... .| Yes | Yes Notrec | Yes 
Raised Numbers or | 

Letters....... ...t Yes Yes | Yes Yes 





aNot rec=not recommended at present time. 





302 * MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 










Metal Powder Parts 


GENERAL 


Metal powder parts are made by compacting loose 
etal powders in a die and subsequently sintering 
‘he compact to form a structural part. 


(Advantages. Powder metallurgy permits the use of 
netallic combinations that would not be possible to 
melt, and permits close control over structure, which 
may be dense or porous as desired. 


Limitations. Metal powder parts must be of rela- 
tively simple shape because: 1) dies must permit 
easy removal of parts, 2) most powders have poor 
flow qualities, and 3) it is difficult to transmit pres- 
sures through great depths of powder. Where other 
considerations make it practicable, more complex 
shapes can be produced by using costly, intricate 
dies and double-acting presses. Because powder 
metallurgy is not capable of holding extremely close 
dimensional tolerances, secondary sizing or coining 
operations are sometimes required. Size of metal 
powder parts is restricted both by available press 
sizes and by the difficulty of transmitting pressure 
through powder. 


MATERIALS 


Material combinations impossible by other proc- 
esses are commonplace in metal powder parts. 
Among the materials used are iron, steels, stainless 
steels, monel, nickel, iron-copper, copper, brass, tin, 
tungsten, zirconium and various oxides and carbides. 


Purity. Clean particle surfaces are essential to 
insure the good contact between particles needed 
for optimum mechanical properties. In addition, the 
presence of foreign particles must be held to a 
minimum. In most cases definite limits for impurities 
are set by either producer or purchaser or both. 


Apparent density. Apparent density (sometimes 
called bulk density) is the weight of a unit volume 
(gm per cu cm, MPA 4-45 or ASTM B 212-48) of 
powder and is of particular importance in the press- 
ing operation. The lower the apparent density, the 
greater the volume of powder needed to produce a 
part of given size. As apparent density decreases, 
therefore, deeper dies end longer plungers are re- 
quired, posing increasing design problems. 


Compressibility. The ability of a metal powder to be 
pressed is of importance from the standpoint both 
of fabrication and of end properties that can be 
attained. Compressibility—the ratio of the volume 
of the loose powder to the volume of the compact 
made from it—is affected by the physical characteris- 
tics of the powder particles and the distribution of 
particle sizes. In general, powders should have a high 
enough compressibility so that satisfactory final 
density can be obtained without need for excessive 
pressures. 


Particle size distribution. Particle size distribution, 
also called sieve analysis, is usually expressed as the 
percentage by weight retained on each of a series 
of standard sieves of decreasing size. It must be 
closely controlled because it affects press feed, dimen- 
sional changes during sintering, porosity of the 
compact, final attainable density and strength. 

In general, powders with particle sizes larger than 
100 mesh are not used for structural parts. Com- 
mercial metal powders usually include a range of 


particle sizes so that the fine particles will fill the 
voids between the large particles to give high density. 

Particle size distribution is difficult to measure and 
control. At present, particle size distribution can 
only be determined in commercial practice down to 
* 325 mesh, whereas frequently 25 to 50%, and some- 
times more, of a given powder is finer than 325 mesh. 


Flow rate. The ease with which a metal powder can 
be fed into the die is determined by its flow rate 
(gm per min, MPA 38-45 or ASTM B 218-48). Low 
flow rates slow up automatic pressing operations and 
may require the use of vibrating equipment. Flow 
rate is influenced by particle shape, particle size 
distribution and amount of absorbed moisture. 


Sintering properties. Sintering is usually done in an 
inert, reducing or neutral atmosphere, or in a 
vacuum. The sintering temperature of metal powders 
is critical, and for production purposes it is desirable 
to have a reasonably wide temperature range that 
can be maintained in presently available furnaces. 

Dimensional changes occurring during sintering 
are also an important consideration, particularly 
from the standpoint of die design and the finish 
tolerances that can be maintained. The dimensional 
change brought on by sintering usually consists of 
shrinkage, although extension occurs with some 
powders under certain conditions. 


Green strength. A metal powder in the pressed but 
unsintered condition (“green”) is rather brittle and 
is susceptible to chipping or other damage. Green 
strength is an indication of the powder’s ability to 
be handled without breakage after compacting and 
before the sintering operation. 


Performance properties. Mechanical and physical 
properties of sintered parts are closely related to 
the final density that can be achieved under practical 
pressing pressures. In general, as density of a metal 
powder part increases, strength properties also 
increase, and at 100% density the properties theo- 
retically will be at least equal to those of solid stock. 

As yet, few standard tests for determining 
mechanical properties have been established, and in 
many cases conventional methods are not adequate. 


DESIGN FACTORS 


Tolerances. It is possible to hold 0.001 in. by 
coining. A tolerance of 0.005 in. can be held on 
axial dimensions without secondary operations. 


Wall thickness. A wall as slight as 0.30 in. is possible 
on small parts, but a general rule calls for a mini- 
mum thickness of 0.32 in. per in. of length of the 
section. Large variations in section thickness are 
undesirable. 


Design rules. 


1. Cylinders, squares and rectangles are the most 
favorable shapes. When a shape deviates from these, 
it is essential that it be uniform in the direction of 
pressing. 

2. Contours must be in a plane at right angles to 
the direction of pressing. 

3. Avoid feather or knife edges; narrow, deep 
splines; thin projections; and sharp corners. 

4. Radii of at least 0.010 in. should be provided in 
corners, and edges should be given a 45-deg chamfer. 
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Forms and Shapes of Materials 


Screw Machine Parts 


GENERAL 


Advantages. Perhaps the greatest advantage of screw 
machine parts is the extreme speed at which they 
can be produced. Production rates can reach—and 
even exceed—4000 parts per hr. Extremely close 
tolerances can be held. Finishes are usually superior 
to those attained by other methods. Since bar or tube 
stock is used as the raw material, mechanical prop- 
erties are usually high. 


Limitations. Scrap losses are usually high because 
the over-all size of the bar must be as great, or 
greater than, the largest diameter of the part. 


Materials. Nearly any machinable metal can be used 
for screw machine parts if it is available in bar or 
tubular form. For best results, though, the material 
should be free machining and should not be too soft, 
too hard or too stringy (since such materials make 
it difficult to maintain production speeds and also 


cause inferior surface finish). The majority of screw 
machine parts are made from free-machining steels 
free-cutting brasses, and aluminum and magnesiun 
alloys. 


DESIGN RULES 


Restrictions are imposed by the requirement that 
all parts must have surfaces of rotation that are 
concentric with the axis of the stock being machined. 
However, interior and exterior undercuts are possible, 
and nearly any type of thread can be produced. 

Square corners are not desirable. Chamfers are 
preferred, but if rounded edges are desired, liberal 
radii should be provided. Dimensions can be held to 
+0.001 to +0.003 in. without difficulty and, when 
necessary, they can be as close as 0.0005 in. 

Maximum size is limited, but screw machine parts 
can be extremely small. The range of sizes normally 
encountered is %4 in, up to 8 in. in dia, and a frac- 
tion of an inch up to 6-8 in. in length. 


MACHINABILITY RATINGS (Based on AISI B1112=100) 





Aluminum Alloys (wrought) Copper Alloys (cont’d) 


a ; . . Soft Aluminum Bronze 

2011.... Excellent (duplex)..........60-100 
2014. ... Average Architectural Bronze, 

i oe _. Average err 
2018...... _. Average Beryllium Copper, 97%. ..40 
ae Average Cartridge Brass, 70%..... 60 
ere .... Soft Commercial Bronze, 90%—40 
5052... .. Soft Forging Brass, 60%. ... .160 
6..... Average Free Cutting Brass, 
6061...... Soft ee 
6063...... .. Soft Gilding Bronze, 95%... . .40 
Sak 6 e903 _.. Average Gun Metal, Cast, 95.8%. . .60 





ae High Leaded Brass, 62% . 180 


— Alloys (cast) Leaded Commercial 





kde a6 49 ede o0bs Soft Bronze, 89%.........180 
Ae a Leaded Naval Brass, 
108... . Soft a 
1a3.... Average Leaded Nickel Silver, 
122.. Excellent a 
. ee . Average Leaded Phosphor Bronze 
. 2 Average | 100 
Average Leaded Phosphor Bronze 
. aS Average (Bz), 94%............200 
au... . Average Leaded Silicon Bronze, 
220............... Excellent | RE 
are Low Brass, 80%......... 60 
iat i74 asta <4 Cae Low Leaded Brass, 64% . 140 
_ eee ... Soft Manganese Bronze, 59%. .60 
ee Excellent Muntz Metal, 60%....... 80 
yer a " Naval Brass, 60%....... .60 
Coppers Nickel Silvers........... 40 
Copper, 99.9%. . -. 40 Phosphor Bronze, 92% 
Electrolytic Tough (Grades A, C, D, E)....40 
PEt saines. 40-50 Red Brass, 85%......... 60 
Leaded Copper........ .160 Silicon Bronze, 95.8%... . .60 


Oxygen-Free Copper..... .40 
Phosphorized Copper... . .40 








Selenium Copper....... 180 
Tellurium Phosphorized Irons 
ee 180 Cast Iron 
ee 80 
Copper Alloys i nao oa aetna 65 
Aluminum Bronze ES thie ou cv hese 50 
(alpha), 92-95%... .60-80 | 

















Irons (cont'd) Heat Treating Steels (cont'd) 
Malleable Iron SAE 1045 (annealed). .55-60 
Standard 120 SAE 4130 (annealed). .40-50 
Pearlitic. . aan SAE 4140 (annealed). 40-50 
Wrought Iron........ 50 SAE 3140 (annealed). .40-50 
a ae SAE 6135 (annealed). .40-50 
SAE 6140 (annealed). .40-50 
Magnesium Alloys SAE 6150 (annealed). .40-50 
(wrought)........ 500-2000 SAE 1335 (annealed). .40-50 
—_—_— SAE 1350 (annealed). .30-40 
‘ SAE 2330 (annealed). .30-40 
an ome SAE 2345 (annealed). .30-40 
Nickel..........+.... 20 SAE 3140. 20-40 
Nickel Alloys (rolled). .40 z SAE 2345 30-40 
Monel (cast). . foaebemed iii 
Monel (rolled) "49 55 SAE 52100 (annealed). 30-40 
Monel, K..... .. 40 , 7 
Stainless Steels 
eat Type 405..... 88 
Screw Machine Steels Type 406 101 
SAE 1120 (leaded) 140 Type 430 50 
2)! Type 442.. _.... 60 
fo eee a 
fo | ee 90-95 Type 446.... a 
ee 90-95 Type 430-F.. er. 
re 70-75  ) ar 
0 Se 70-75 S 
SAE X1350...........70-75 Type 414................60 
eT ae I 5x0. 44 99-0 ren 53 85 
Carburizing Steels tos mc ear ae: - 
oe 50-65 Type 431 oe 
SAE 1025..... peice’ 50-65 Type 440................40 
are 50-65 Type 501......... a 
| eer 50-65 Type 502....... a 
SAE 6120 (annealed). .45-50 Tyee M2.........0c.c00: 35 
SAE 6115 wrurereiee 45-50 Type 303 ee eee 60 
0 ara 45-50 Type 304. ea ae ee 45 
SAE 4615 (annealed). .45-50 Type 309. apne 
SAE 2315 (annealed). .45-50 Type 316 titer 
ES 5 640005405: 45-50 Type 317... ibe 
OS ee 
Heat Treating Steels Type 347..... 5, inde 
9 ee 55-60 Se 7 ee 
4 See 55-60 ee ey ieee 
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Spinnings 


ADAPTABILITY OF METALS TO SPINNING 






























































Material Shallow | Deep Material Shallow Deep 
+ Spinning Spinning + Spinning Spinning 
Group 1—Aluminum and Its Alloys Lead Coated (long Terne)........... 1.00 . 
) Galvannealed . .. ¥ 1.00 . 
1100-0. | i duties 1.00 | 1.00 Galvanized. . .. eee 9.90 : 
2024-0. ne 0.65 0.45 Carbon (0. 40% and above). =) 0.25 0.10 
6061-0. | 09 =| 0.80 ye athe ise sscethiat 
2—Copper and Its Alloys Serre eer are 0.98 0.60 
a tlle y Type 304........ 1) 098 | 0.80 
Copper (cold rolled, annealed). . J 1.00 1.00 Type 305 ‘a spinning). sata ia 1.00 | 1.00 
Type 309S.. Recta man @ene rs 0.80 | 0.45 
Copper (hot rolled)............ 0.99 0.88 
i) Fics se sadaeaane 0.90 0.60 
Yellow Brass... .. Fay, ” 0.99 0.92 
5 EE Seer rer ee 0.85 0.50 
Cartridge Brass, 70%.. a 0.99 0.92 
Type 347.. _— ‘opens 0.90 | 0.50 
Low Brass, 80%... 0.96 0.89 Type 430 0.90 0.50 
Red Brass, 85%......... | 090 | 0.83 he LER i sid : | 
Commercial Bronze, 90%......... 0.88 0.80 Group 5—Nickel and Its Alloys 
Gilding, 95%. ... sexed 0.85 0.75 
Admiralty. . . 0.82 | 0.70 Monel (spinning quality) ee 1.00 0.90 
Naval Brass. . 075 | 0.45 Monel (special cold rolled, soft temper) 1.00 0.85 
Muntz Metal 0.55 | 0.30 Inconel......... on 0.90 0.70 
Phosphor Bronze A... 085 | — 0.40 Nickel (low carbon). , 1.00 1.00 
Phosphor Bronze C.. 0.85 0.45 Nickel. yeaa Saeee 1.00 0.92 
Cupro Nickel, 30%. | 0.95 | 0.65 Multimet N-155. dt 090 | (0.50 
Nickel Silver A. . or 0.95 0.65 Hastelloy A..................0.0....f 0.75 | 0.35 
Silicon Bronze. . Seeeeeeee 0.94 0.60 Hastelloy B...... suet ated 0.70 0.30 
Group 3—Carbon and Low Alloy Steels Hastelloy C.__. we 0.0 3.8 
Group 6— Miscellaneous Metals 
Cold Rolled (deep drawing quality)..... 1.00 1.00 
Vitreous Enameling (deep drawing and Lead arr 0.96 0.90 
spinning quality)............ 1.00 0.95 Pewter. 1.00 0.99 
Cold Rolled (standard)........... ; 1.00 0.92 a ; 1.00 1.00 
Hot Rolled (pickled and oiled). sakes 1.00 0.92 Tantalum...... a ios 0.86 | 0.45 
Hot Rolled (low carbon)...... 0.90 0.55 Magnesium... .. re 0.80 0.45 
Hot Rolled (copper-bearing). . 0.88 0.51 Molybdenum. . ey 0.55 0.15 














*Impractical—coating flakes off. 


MATERIALS 


Most metals, with the exception of magnesium and 
molybdenum, can be cold spun. Metals such as gold, 
silver, platinum, kovar, invar and ilium can be spun 
but require special handling. 

The adaptability of metals to the spinning process 
is rated in the chart given above. The unit 1.00 is 
assigned to the type of material in each group that 


lends itself most readily to cold spinning. The lower 
the index, the higher the cost. These figures will 
vary slightly with contour, gage and size. 

This analysis applies to manual metal spinning by 
the cold method. Where quantities warrant special 
automatic spinning setups, or where existing auto- 
matic setups can be used, difficult-to-form metals can 
be deep spun readily. The deep spinning ratings in 
the table do not apply under these conditions. 
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Mechanical Tubing 


Forms and Shapes of Materials 


TOLERANCES FOR ALUMINUM ALLOY TUBING—SEAMLESS: 





















































Diameter Tolerance, in. Wall Thickness Tolerance, in. 
Diameter, in. — Wall Thickness, in. a ar 
.s s 
Drawn Extruded Drawn Extruded 
0.125- 0.500 0.003 — To 0.062 Incl..... — 0.007-0.010 
0.501- 1.000.......... 0.004 0.010 0 0.002 — 
I Bac acs covcicesas 0.005 0.012 0.036-0.049................ 0.003 | — 
(OS re 0.006 — as 0.004 | — 
2.000- 3.999........ — 0.015 ee — 0.008-0.015 
3.001- 5.000......... 0.008 | — 8 0.005 — 
4.000- 5.999... — 0.025 J 2) as — 0.009-0.020 
5.001— 6.000. . 0.010 — 0.204-0.300........ 0.008 — 
6.001- 8.000. 0.015 | 0.035 0.250-0.374..... es 0.011-0.025 
8.001-10.000. . 0.020 0.045 0.301-0.375.... 0.012 — 
10.000-12.000. . 7 0.025 | 0.055 0.375-0.499...... — 0.015-0.035 
12.000-12.250.. Len a | 0.065 0.376-0.500......... 0.032 a 
0.500-0.749... — 0.020-0.045 
| O.F9-O900.. 2... .660.5.. _ 0.035-0.055 
| 1,000-1.499............ je 0.045-0.065 
*All values are +. 
TOLERANCES FOR 
STEEL TUBING—SEAMLESS + TOLERANCES FOR STEEL TUBING—WELDED: 
| 
Size (0.d.), in. 0.D., 1.D., Size | Wall Mandrel Swaged (standard tube) Drawn over Mandrel> 
in. in. (0.d.), Thk 
in. (BWG) | 
34, to % Excl>-e,... .1+0.004 -— 0.D., in.e | 1.D., in.e | Oval., in. | 0.D., in.e | 1.D., in.e | Oval.,-in. 
Y% to 1% Excl>-e.4 . |-+0.005) —0.005 | 
1% to 3% Excl>-e-4 | +-0.010) —0.010 Y-3%.....| 16-22.. 0.003 0.008 0.003 | 0.002 0.005 | 0,003 
3% to 5% Excl>-e-d |-+-0.015) —0.015, +0.005 a 0.003 0.010 0.003 | 0.002 0.007 | 0.003 
5% to8 Excle....... +0.030)+0.035 Ys 20-22. 0.004 0.005 0.004 0.003 0.003 0.003 
5% to 8 Excif......./+0.020)+0.025 16-18... 0.004 0.005 0.004 0.002 0.002 0.003 
5% to8 Excle...... +-0.030) —0.030, +0.015 12-14. . 0.004 0.009 0.004 0.002 0.005 | 0.003 
8 to 10% Incle..... .|+0.045)+0.050 %-14%....| 18-22.. 0.004 0.005 0.005 0.003 0.003 | 0.004 
8 to 10% Inclf..... .|+-0.035/+0.040 14-16... 0.004 0.005 0.005 0.003 0.003 | 0.004 
8 to 10% Incle..... +-0.045| —0.040, +-0.015 11-13.. 0.004 0.008 0.005 0.003 0.003 0.004 
call eit Gabe. 1%-2.....| 18-22.. 0.005 0.006 0.008 0.004 0.004 0.005 
7 |r 14-16... 0.005 0.006 0.006 0.003 0.003 0.005 
oF bes with i.d. less than 50% of o.d. . : 
with wall Pore pool 25% rye Sy Fons te 9-13... 0.005 0.008 0.006 0.003 0.003 0.004 
over 14 in., or weighing more than 90 lb per 2%4-2%...| 18-22.. 0.006 0.007 0.010 0.004 0.004 0.005 
ft, which cannot be successfully drawn over a 14-16...] 0.006 0.007 0.008 0.004 0.004 0.005 
pomeranian 913...| 0.006 | 0.009 | 0.008 | 0.004 | 0.004 | 0.004 
may vary 12}4% over or under that specified. 2%-3..... 18-20. . 0.010 0.012 0.020 — — _ 
= — — id. oe than 4 ie coms et 14-16...} 0.008 0.010 0.015 0.006 0.006 0.008 
than in. when wall is more than o 
—- = 9-13.. 0.008 0.010 0.012 0.006 0.006 0.008 
.d.), which be fully d . . ; 
< meee caas cane Gbte exuclor enter %-3%...| 16-18...) 0.010 | 0.012 | 0.016 ye ‘a mn 
that specified and i.d. will be governed by o.d. 9-14...} 0.008 0.012 0.014 - - on 
d ll iations. 
éTubing Aim vos oat lees than 8% of 0.4. 3%-4..... 14-16...} 0.010 0.014 0.018 - | — — 
eannot be straightened properly without a 8-13... 0.010 0.016 0.014 = = 5 as 
certain amount of distortion. Consequently, 4-5 .| 14-16... 0.020 0.020 0.025 | — | — | ~ 
such tubes, though having an average o.d. 8-13... 0.015 0.018 0.025 = in al 


and i.d. within the tolerances shown, will 
require an ovality tolerance of 4% over or 
under nominal o.d. and i.d., this being in 
addition to the tolerances indicated. 

¢When wall is less than 5% of o.d., note “‘c” 
applies. 

{When wall is from 5% to 7.5% of o.d. 

«When wall is greater than 7.5% of o.d., note 
“a”’ applies. 
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*Cold rolled carbon steel. 
bO.d. up to 35% closer than standard; i.d. up to 40% closer than standard. 


cAll values are +. 
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TOLERANCES FOR MAGNESIUM TUBING——-SEAMLESS* 



































Diameter Ovality Wall Thickness Tolerance, in. 
Diameter, in. Tolerance, | Tolerance, _ 
de in. in.> Wall Thickness, in. | 
a To % In. | Over % to | Over 1% to} Over 3 to | Over 5 to 

To'0.500 Incl. . 0.008 0.008 Incl 1% In. Incl} 3 In. Incl Sin. incl | 7 In. Incl 
0.501-1.000..... 0.011 0.011 | | 
1.001-2.000.... 0.015 0.015 To 0.049 Incl.........] 0.007 0.008 0.009 ~- | — 
2.001-3.000... . 0.018 0.018 0.050-0.120...........} 0.007 0.010 0.012 0.015 — 
3.001-4.000. be 0.023 0.023 0.121-0.203...........] 0.008 0.012 0.015 0.018 0.025 
4.001-5.000............ 0.027 0.027 0.204-0.300.......... — 0.014 0.020 0.025 0.031 
5.001-6.000.......... 0.031 0.031 ik) SR) — 0.016 0.025 0.035 0.045 
6.001-7.000 0.037 0.037 0.376-0.500.......... — 0.018 0.035 0.047 0.055 





sRound. 
bTolerances may be expressed as all plus or minus, in which case double the tolerance given in the table will be used. Unless otherwise indicated, 
magnesium round tubing will be supplied to the plus or minus tolerance. 


















































TOLERANCES FOR TOLERANCES FOR 
NICKEL AND NICKEL ALLOY TUBING—SEAMLESS + COPPER AND COPPER ALLOY TUBE »—SEAMLESS 
Mean Mean Wall, Mean Diameter, in. 
Size, in. 0.D., 1.D., Hb Size (0.d.), in. 
a inde in.b.de + Nonrefractory Refractory 
Alloys Alloys 
Monel, A Nickel Up to %, Incl.............0.. 0.002 0.003 (i.d.), 

') De ee c 12%, 0.0025 (0.d.) 
<2. “0.000 >¥, to %, Incl. - 0.002 0.0025 
YF1.D.-1% O.D., Incl....... 0.005 0.005 | 10 >% to 1, Incl. . : 0.0025 0.003 
>1% 0.D. to4% 0.D., Incl....] 0.010 | 0.010:| 10 >1to2, Incl........... 2.06, 0.003 0.004 
>4¥% 0.D. to 6 0.D., Incl... 0.015 | 0.015'| 12% bet nic RE 0.005 
>60.D. to7%"0.D., Incl....... 0.020 | 0.020'| 12% e ~ 5 — Peete eeees es ae oan 

7% 0.D. to 8% 0.D., Incl.. 0.025 0.025 123 ’ egaeeeees ve : ° 
ati bs = as S5to6,Incl...............) 0,007 0.009 

Inconel, K Monel, Z Nickel >6 to 8, Incl. ... oP 0.008 0.010 
SE OO 10, Wl... . 00.0 -c0ce. 0.010 0.013 J 
NG inexsiks sans % 0.005 15 
¥Y, |.D.-1% 0.D., Incl........... 0.0075 0.0075 10 *Industry terminology favors “Commercial Tube” over “Mechanical 
>1%"0 D. to 31, 0.D.. Incl 0.010 0.010 j 10 Tubing.” Tolerances apply to i.d. or o.d. except where otherwise 
: . . p . *; eee . . 2 di . 
$3%'0.D. to4%'0.D., Incl....| 0.015 | 0.015,| 10 ae 
>4¥% 0.D. to60.D., Incl...... 0.020 0.020 12% 














*Round cold drawn. All tolerances plus or minus, except where other- 
wise indicated. Tolerances given here are applicable only to two 
dimensions at a time. 
bFor all tubing in all tempers, with i.d. less than 50% of o.d., or with 
a wall more than 25% of o.d., which cannot be successfully drawn over 
a mandrel, i.d. may vary over or under by an amount equal to 10% 
of the wall, and the wall may vary 12%% over or under that specified. 
¢For tubes in all tempers, with i.d. less than 4 in. (or less than & in. 
when wall is more than 20% of the o.d.), which cannot be successfully 
drawn over a mandrel, i.d. will be governed by o.d. and wall variations. 

4Tubes in all tempers having a wall less than 3% of o.d. cannot be 
straightened properly without a certain amount of distortion. Conse- 
quently, such tubes, though having average o.d. and i.d. within per- 
missible variations shown, will have an ovality tolerance of 0.5% over 
and under the nominal o.d. and i.d., this being in addition to the 
tolerances indicated. 

*Tubes furnished in soft annealed temper are apt to possess more or 
less ovality or out-of-roundness because of warpage in soft annealing, 
or because of subsequent straightening operations. Therefore soft 

annealed tubes will not be as close to i.d. or o.d. as the table indicates 
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Forms and Shapes of Materials 


Welded and Brazed Parts 


GENERAL Rolled shapes. Standard and special rolled shapes 
are commonly used in design of weldments. The 
standard shapes, in particular, are readily available, 
are mass produced and are, therefore, relatively 
low in cost. Where sections can be used they often 
permit development of a part using a minimum of 
forming operations and a minimum of welding. 
Rolled shapes also can often add rigidity and reduce 
shrinkage and/or distortion. 


A wide range of thicknesses, sizes and shapes can 
be fabricated by welding. Welded parts and products 
vary from extremely delicate devices to huge, pon- 
derous parts. Parts as thin as 1 mil and as thick as 
20 in. have been welded commercially. The thick- 
nesses that can be welded vary considerably from 
metal to metal, and also depend upon the welding 
process. Dissimilar thicknesses of metal can be joined 
by welding and brazing. 


TOLERANCES 
WELDABLE FORMS The two principal factors influencing tolerances 
P are distortion from the welding operation and the 
Plate, sheet, strip. Plate and sheet stock are probably tolerances of the metal forms that make up the 


the most widely used forms for weldments. This is 
particularly true for medium and large sized struc- such as flat stock, castings, forgings and rolled sec- 
tural parts. Flat stock in the common ferrous and tions, are easily obtainable. But degree of welding 


nonferrous metals is available in a wide range of distortion is a function of a great many things, and 
sizes and thicknesses. The common methods used in therefore exact values cannot be given. The follow- 
the fabrication of flat stock for weldments are shear- ine tolerances seem to be those most commonly 
ing, flame cutting, blanking, bending, spinning, pe nay ate | , 
stamping and pressing. : 


weldment. The tolerances on the various metal forms, 


1. Small parts containing very little welding, % in. 


2. Moderately large parts containing a_ small 
amount of welding, % in. 


Castings, forgings. Large and small castings and 
forgings are used extensively in weldments. They 
are often the best solution for parts whose size or 


shape makes a one-piece casting or forging too costly 8. Large structures containing moderate amounts 
or impossible. They are also used extensively for of welding, % in. 

intricately shaped parts where plate fabrication is 4. Large, complicated structures, and structures 
not feasible. containing large amounts of welding, % to % in. 
Extrusions, tubing. Extrusions and tubing are fre- 

quently used in fabricating parts by walang. A WELDABLE METALS 

countless number of extruded shapes are available The table at the right is a general guide to the 
in the light metals and copper alloys. Tubing of relative ease with which the common engineering 
many sizes and shapes is available both in ferrous metals and alloys can be welded or brazed. Welda- 
and nonferrous metals. bility can be definitely indicated only when exact 


JOINT DESIGN FOR VARIOUS WELDING METHODS - 


























Type of Joint = Butt Joint | Lap Joint Filet Joint | ‘Edge Joint 
a 
| Light | Heavy Light | Heavy | Light Heavy Light Heavy 
: Section | Section | Section | Section | Section | Section | Section | Section 
: | 
| Shielded Metal Arc (coated electrode).......... i a R ea Oe. ae | NR R 
Submerged Arc................ abe cc = S ~ | e  h.-4 NR S 
EE aay ae ie S er ae R R S 
Inert-Gas Tungsten Arc.......................... R S R S R | S R | S 
Inert-Gas Metal Arc......................... NR R NR R | NR R NR S 
A err eee) Sr re eee NR R NA NA | NA | NR NA | NA 
Spot... NA NA “ R | NA | NA NA | NA 
EELS lacy <0 saviie Mia aKa coke + 35605 NA NA R R | NA | NA ae . 
EE ee ee R S R S R S R | S 
aS eae 9 ee NR NR R R | te te? See NA 
Aa a i eee eR ae R f Tik> tne eae 
*R—Recommended. S—Satisfactory. NR—Not Recommended. NA—Not Applicable. Light section: 0.005 to 0.125in. Heavy section: } in. 


and over 





Joint 


Butt Weld Edge Joint Tee(Fillet) Joint Corner (Fillet) Joint Lap Joint 
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Readily weldable—widely and easily welded. 
Weldable—can be welded, but special precautions 


mposition, heat treated condition, and a number 
other variables are known. The following defini- 
ons apply to the weldability ratings used: 





(such 


as 


preheating or post 


usually be observed. 
Difficult 





WELDABILITY OF MATERIALS 


heat treating) must 


can be welded if necessary, but only if 
special precautions are taken. 
quantity production. 


Not recommended for 





Material 


+ 


Arc Welding 


Oxyacetylene Welding 


Resistance Welding 


Brazing 





Low Carbon Steels (up to 
1.30% C) 


Medium Carbon Steels 
0.30 to 0.45% C) 


High Carbon Steels (0.50 
to 0.80% C) 


Low Alloy Steels 


Stainless Steels—Nickel- 
Chromium Types (300) 


Stainless Steels—Straight 
Chromium Types (400) 


Cast Irons 


Cast Steels 


Aluminum and Its Alloys 


Magnesium and Its Alloys 





Copper and Its Alloys 


tutes ibingtisaenncl 


Nickel and Its Alloys 


Readily weldable. Metal arc, 
submerged arc and atomic 
hydrogen most commonly 
used. Weldable by inert-gas 
arc 


PREREE | 
Weldable. As carbon in- 
creases, welding becomes 
more difficult 


Difficult 


Most hot rolled grades read- 
ily welded with metal arc. 
Submerged arc used on hot 
rolled and heat treated 
grades. Atomic hydrogen, 
and inert-gas arc restricted | 
to the lighter gages 


Readily weldable by metal 
arc, submerged arc, atomic 
hydrogen, and inert-gas arc 


methods. Where corrosion a 

factor, use low carbon or | 
stabilized grades 
Weldable 

Weldable. Metal are OK | 
where ductile weld not re- 


quired. Inert-gas arc finds | 
limited use 


Readily weldable with weld- 
ing rods of same composition 
or with nonferrous rods 


Weldable with rods of same 
composition or nonferrous 
type 


Difficult. Seldom used 


grades readily weldable 


Readily weldable in thin 


gages (20 gage), though 
thicker sections can be 
welded 


| Weldable in thin gages 


Readily weldable with cast 
iron rods. Braze welding suit- 
able where weldment not 
subject to corrosion or ther- 


|} mal stresses 


Weldable with metal are and 
submerged arc methods when 
carbon does not exceed 
0.25%. Special precautions | 
for >0.25% C 

Readily weldable by inert- 

gas arc. Weldable by metal 

arc, carbon arc and atomic 

hydrogen. Some heat treat- | 
able alloys more difficult 

than non heat-treatable 

grades 





Weldable by inert-gas arc 
process 


Weldable by carbon arc and 
inert-gas arc methods. More 
difficult with other arc proc- 
esses 


Nickel, monel and Inconel 
readily weldable by all arc 
processes 





Titanium 


Weldable by inert-gas arc 
methods 





Tungsten, Molybdenum 








Weldable by inert-gas arc 
and atomic hydrogen meth- 
ods with proper precautions 


Weldable. Generally limited 
to thinner sections and fer- 
ritic grades. Braze welding 
using nonferrous rods also 
applicable 


Weldable in sections of about 
0.040 to 1 in. 





M! alloy (1.5% Mn) sheet, 
extrusions and castings most 
suitable. Others less satisfac- 
tory 


| Hot rolled and heat treated | 
| projection methods usually 


Readily weldable by all re- 
sistance processes 


Weldable. Flash and upset 
can be used over wide range 
of carbon content } 


Difficult 


Readily brazed using com- 
mon brazing alloys 


Readily brazed using com- 
mon brazing alloys 





| Can be brazed using special 


| techniques 


Readily weldable. Seam and 


limited to hot rolled grades | 


trol of all welding factors 
required 


Weldable. Susceptible to 
hardening 


Seldom used. Can be flash 
welded 


Mild, medium and some low 
alloy cast steels weldable by 
flash welding where air-hard- 
ening tendency not excessive | 


Readily weldable by spot, 
seam, upset and flash weld- 
ing. Precision control neces- 


| Hot rolled grades readily 
| brazed. Not generally used 


Readily weldable. Close con- | Readily brazed with silver 


|} Cast 


| 


sary to produce consistent | 


high quality welds 


and extrusions can be spot 
welded. Some use made of 
seam and flash welding 





Weldable. Some _ lead-con- 
taining alloys are difficult. 
Method not common for 
phosphor bronze and alumi- 
num bronze 


Copper weldable by upset or 
modified flash upset meth- 
ods. Brasses (except high 
lead brass) weld fairly well. 
Most bronzes weldable 


Alloys M! and AZ31X sheet | 


| 
| 





for heat treated grades 
where tensile strength over 
100,000 psi required 


brazing alloys 


| Brazed with silver and 


other brazing alloys 


Difficult. Quality controlled 
irons and nickel-con- 
taining types more easily 
brazed 


Readily brazed 


Most types can be brazed 
commercially 


Commercial brazing lim- 
ited to M! (1.5% Mn) alloy 





Copper and high copper 
brasses readily brazed. 
Brazing of bronzes varies 
considerably with composi- 
tion 





Nickel, monel and Inconel 
weldable. Braze welding also 
used 


Readily weldable. Inconel X | 


difficult 


| 
| 


Readily brazed 





Weldable by spot and flash 








Not used 
methods 
Not used Tungsten difficult; can be 





flash welded. Molybdenum 
can be spot, projection, seam 
and upset welded 





Brazed with some difficulty 





Readily brazed 
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NEW DIMENSIONS IN DESIGN - 
NEW CONCEPTS OF ECONOMY | 














































































































VERSATILE ACIPCO : 
Centrifugally Son STEEL TUBES - 


In all types of industry, versatile Acipco centrifugally spun tubing 
is giving the design engineer greater freedom. Furnished with the COMPLETE FACILITIES 


exact combination of physical, chemical and metallurgical prop- seianine 


erties required by design, manufacturing and service conditions, Acipco Steel Tubes are centrifugally spun to exact 
high quality Acipco tubing helps create both new dimensions in physical and metallurgical specifications. The 
-ph : ~ exact size and metal analysis your process or 
design and new concepts of economy. project requires is assured. 
If you design, manufacture, or use parts requiring tubular FABRICATION 
metal stock as a component, an investigation of the versatility of Complete, integrated facilities for machining, 
' wig il i dee ise 40 welding, finishing and heat treating of tubular 
Acipco tubing and the flexibility of Acipco’s integrated facilities parts save shipping time and expense for Acipco 


customers. 


— 


for spinning, heat treating, machining, fabricating and testing 


\ | TESTING 
will be worth your while. aoe : 
| ‘ we a —? Facilities for both hydrostatic and air testing, as 
| Your nearest distributor will gladly furnish helpful information well as for other physical and chemical analyses 
F ; ; ; . and tests, are available as part of complete 
about Acipco tube applications in your field,as well as useful , 


Acipco steel tube service. 





technical data and assistance. INSPECTION 

: Expert inspection, including radiography, during 
SiZE RANGE: Lengths up to 16’— longer lengths all phases of production, helps keep Acipco steel 
by welding tubes together. OD’s from 2.25” to 50”; tube quality high. 

wall thicknesses from .25”’ to 4”. TECHNICAL ASSISTANCE 

ANALYSES: All alloy grades in steel and cast iron, A staff of highly trained engineers, aren, 
; . ; , ; chemists and craftsmen serves the designer anc 
including heat and corrosion resistant stainless manufacturer who specify Acipco Steel Tubes. 
steels; plain carbon steels and special non-standard 


analyses. 
FURNISHED: As cast, rough machined, or finish 









DISTRIBUTORS 






















machined, including honing. Austin-Hastings Co., Inc. J. M. Tull Metal & Supply Co. 
226 Binney St. 285 Marietta St., N.W. 
Cambridge 42, Mass. Atlanta, Ga. 
Peter A. Frasse and Co., Inc. C. A. Roberts Company 
17 Grand St. 2401 Twenty-fifth Avenue 
IVE EE: EG ECS ALB § 8. oni Franklin Park, I. 
Lyman Tube & Bearings, Ltd. Strong, Carlisle & Hammond Co. 
920 Ste. Sophie Lane 1392 W. Third St. 
Y Ore — iF & IRON PIPE: oe es Montreal 3, Canada Cleveland 13, Ohio 
7 Vinson Steel & Aluminum Co. Ducommun Metals & Supply Co. 
) Special Products Division 4606 Singleton Blvd. 4890 So. Alameda St. 






Dallas 7, Texas Los Angeles 54, Calif. 
ZzBIRMINGHAM 2, ALABAMA 






For more information, turn to Reader Service card, circle No. 448 
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THE DIRECTORY 





This Directory is designed to be a comprehensive and up-to- 
date source of suppliers of engineering materials, forms, finishes 
and closely related services. The listings were compiled from in- 
formation received from more than 3000 manufacturers, from 
official information made available by trade associations, and from 
many other sources. 


HOW TO USE THE DIRECTORY 


The Directory consists of two sections. In the first, Section 9, 
the categories of materials, forms, finishes ard related services 
are arranged alphabetically; suppliers in each category also are 
listed alphabetically. The many cross references make it easy to 
find any given category. In general, suppliers of basic or “mill” 
forms of materials, such as sheet, are listed under the particular 
material, whereas suppliers of ‘“‘fabricated” forms, such as forg- 
ings, are listed under the form. 

Key letters and numbers in parenthesis following names of 
suppliers provide additional information. Letters indicate the 
basic materials in which a supplier furnishes a particular fabri- 
cated form. For example, if you are looking for suppliers of mag- 
nesium sand castings, you will look for those suppliers of sand 
castings whose names are followed by the letter “D.” 

Similarly, numbers indicate the basic forms in which a sup- 
plier furnishes a particular material. For example, if you are 
looking for suppliers of cellulose acetate rod, you will look for 
those suppliers of cellulose acetate whose names are followed by 
the number “12.” 

The second part of the Directory, Section 10, contains a com- 
plete alphabetical list of suppliers and their addresses. To find the 
address of a division of a company, look up the name of the paretiu 
company (always given with the division name in Section 9). 
Further information on a particular supplier’s product can often 
be found by consulting an advertisement in this issue. Adver- 
tires’ names are bold faced, and the pages on which their adver- 
tisements appear are listed following their addresses in Section 10. 
Page numbers of advertisements are also given in the complete 
index to advertisers on page 429. 


In compiling a directory of this nature it is impossible to avoid 
errors and omissions. We plan to constantly improve this directory 
in future editions and we will welcome corrections and suggestions. 
Please address them to Directory Editor, Materials in Design 
Engineering, 430 Park Ave., New York 22, N. Y. 





The listings and other data Included in this directory are compiled from sources 
believed by the publisher to be reliable. The publisher, however, does not represent 
or guarantee the accuracy of said listings and data, and no responsibility is assumed 
therefor. 
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MATERIALS 


A Aluminum and its alloys 
B Copper and its alloys 

C Iron and its alloys (except steel) 
D Magnesium and its alloys 
E Nickel and its alloys 

F Steels 

G Titanium and its alloys 
H Zinc and its alloys 

3 Thermoplastics 

K Thermosetting plastics 

L Elastomers 


BASIC FORMS 


Anodes 

Bar 

Billets 

Foil 

Ingot 

Plate 

10 Powder 

12 Rod 

13 Sheet 

14 Strip 

17 Base resins, polymers or gums 

18 Laminating or casting resins 

19 Fibers or filaments 

20 Film 

21 Foams (component materials 
or products) 

22 Molding compounds 

23 Tube, nonmetallic (except plastics 

or rubber) 


oon WNP 


2 
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ACETAL PLASTICS 
du pont de Nemours, E. I. & Co., Inc. (17) 


ACETATE (see Cellulose Acetate) 


ACRYLATE RUBBER 
(see Acrylic Rubber) 


ACRYLIC PLASTICS 

Ace Plastic Co. (12, 13, 14) 

Adhesive Products Corp. (18) 

American Hard Rubber Co. (13) 

American Molding Powder & Chemical Co. (22) 

American Products Mfg. Co., Inc. (20, 12, 
13) 

Anchor Plastics Co., Inc. (12, 14) 

Auburn Plastic Engineering Co. (12, 13) 

Bamberger, Claude P. Inc. (22) 

Borden Co., Chemical Div. (17) 

Cadillac Plastic & Chemical Co. (12, 13, 14) 

Cast Optics Corp. (13) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

du Pont de Nemours, E. I. & Co., Inc. 
(17, 18, 19, 22) 

Dura Plastics of New York, Inc. (12, 13) 

Eastman Chemical Products, Inc. (19) 

Fry Plastics Co. (12, 13) 

General Aniline & Film Corp. (13) 

Gering Products, Inc. (22, 12, 13, 14) 

Glass Laboratories, Inc. (12, 14) 

H & R Industries (12, 13, 14) 

Industrial Plastics Corp. (12, 14) 

K SH Plastics, Inc. (12, 13, 14) 

Luminous Resins, Inc. (22) 

Midwest Plastic Products Co. (13, 14) 

Muehistein, H. & Co., Inc. (22, 17, 13) 

Perfex Plastics, Inc. (12, 14) 

Reed Plastics Corp. (22) 

Rohm & Haas Co. (17, 22, 13) 

Schwab Plastics Corp. (12, 14) 

Snyder Mfg. Co., Inc. (13) 

Southern Plastics Co. (20, 12 ,13, 14) 

Westlake Plastics Co. (20, 12, 13, 14) 

World Plastex (12, 13, 14) 


ACRYLIC RUBBER 

Adhesive Products Corp. (18) 

American Hard Rubber Co. (12, 13, 14) 

Borden Co., Chemical Div. (17) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Continental Rubber Works (12, 13, 14) 

Goodrich, B. F. Chemical Co. (17, 18, 19, 22) 

Roth Rubber Co. (13) 

Southern Plastics Co. (12 ,13, 14) 


ACRYLONITRILE-BUTADIENE 
RUBBER 


Adhesive Products Corp. (18) 

American Hard Rubber Co. (12, 13, 14) 

Chicago Molded Products Corp., Campco Div., 
(13) 

Continental Rubber Works (22, 12, 13, 14) 

Firestone Tire & Rubber Co. (17) 


Suppliers of Materials 


Geauga Industries Co. (22, 12, 14) 

Goodrich, B. F. Chemical Co. (17, 18, 21, 
22) 

Goodyear Tire & Rubber Co., Chemical Div. 
(17) 

Goshen Rubber Co., Inc. (22) 

Home Rubber Co. (22, 12, 13, 14) 

Luzerne Rubber Co. (12, 13, 14) 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Naugatuck Chemical Div., U.S. Rubber Co. 
(13) 

Raybestos-Manhattan, Inc. (12, 13, 14) 

Roth Rubber Co. (22, 13) 

Rubatex Div., Great American Industries, Inc. 
(21) 

Southern Plastics Co. (12, 13, 14) 

Stockwell Rubber Co., Inc. (22, 12, 13, 14) 

Technical Specialties Co. (14) 

Vulcanized Rubber & Plastics Co. (22) 

Westlake Plastics Co. (12, 13, 14) 


ADHESIVES 

Adhesive Products Corp. (J, K, L) 

American Cyanamid Co., Plastics & Resins 
Div. (K) 

American Hard Rubber Co. (J K, L) 

American Products Mfg. Co., Inc. (J, L) 

Angier Adhesives Div., Interchemical 
Corp. (J, K, L) 

Armstrong Cork Co. (J, K, L) 

Armstrong Products Co. (K) 

Atlas Mineral Products Co. (J, K, L) 

Avondale Co. (J, K, L) 

Barrett Div., Allied Chemical & Dye Corp. (K) 

Belding Corticelli Industries (J, K, L) 

Biggs, Carl H. Co., Inc. (J, K) 

Bisonite Co., Inc. (K) 

Borden Co., Chemical Div. (J, K) 

Ciba Co., Inc. (K) 

Cooper, Peter Corp. (J) 

Dacar Chemical Products Co. (J, K, L) 

Dennis Chemical Co. (J, L) 

Dow Corning Corp. (K, L) 

du Pont de Nemours, E. I. & Co., Inc. (J) 

Eastman Chemical Products, Inc. (J) 

Federal Adhesives Corp. (J, K, L) 

Franklin Glue Co. (J) 

General Electric Co., Silicone Products 
Dept. (J, K) 

General Mills, Inc., Chemical Div. (J, K) 

Goodyear Tire & Rubber Co. (L) 

Haskelite Mfg. Corp. (J, K, L) 

Houghton Laboratories Inc. (J) 

Hughes Glue Co. (J, K, L) 

Johns-Manville Corp., Dutch Brand Div. (J, K) 

Lee Rubber & Tire Corp. (L) 

Magic Iron Cement Co. (J) 

Marblette Corp. (K) 

Marbon Chemical Div., Borg-Warner Corp. 
(K) 

Midland Adhesive & Chemical Corp. (J, K, L) 

Minnesota Mining & Mfg. Co. (K) 

Monsanto Chemical Co. (K) 

National Casein Sales (J, K) 

Ohio Adhesives Corp. (J, K, L) 

Paisley Products, Inc., Div. of Morningstar, 
Nicol, Inc. (J, K, ) 

Pierce & Stevens Chemical Corp. (J, K, L) 
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Polymer Chemical Co. (J, K, L) 
Polymer Corp. (J) 

Randolph Products Co. (J, K, L) 
Raybestos-Manhattan, Inc. (J, K) 
Ren Plastics, Inc. (K) 

Rubber & Asbestos Corp. (J, K, L) 
Schwartz Chemical Co., Inc. (J, K, L) 
Shell Chemical Corp. (J) 

Standard Insulation Co. (K) 
Stockwell Rubber Co., Inc. (L) 
Synco Resins, Inc. (J, K) 

UBS Chemical Corp. (L) 

U.S. Stoneware Co. (J, K) 
Williamson Adhesives, Inc. (J, K, L) 


ALKYD PLASTICS 

American Cyanamid Co., Plastics & Resins 
Div. (17) 

Archer-Daniels-Midland Co. (17) 

Barrett Div., Allied Chemical & Dye Corp. (22) 

Booty Resineers, Inc. (17) 

General Electric Co., Insulating Materials 
Dept. (17) 

Glaskyd, Inc. (22) 

Hercules Powder Co. (17) 

Reicnhold Chemicals, Inc. (17) 

Schenectady Varnish Co., Inc. (17) 

Sherwin-Williams Co. (17) 

Specialty Resins Co. (17) 


ALUMINIDES (see Ceramics) 


ALUMINIZED METALS 
(see Precoated Metals) 


ALUMINUM AND ITS ALLOYS 

Alloys & Chemicals Mfg. Co. (8) 

Alpha Metals, Inc. (7) 

Aluminum Ltd. Sales, Inc. (3, 8) 

Aluminum Co. of America (1, 2, 3, 7, 8, 
9, 10, 12, 13, 14) 

Aluminum Foils Co. (7) 

American Silver Co., Inc. (7, 14) 

Anaconda Aluminum Co. (8) 

Apex Smelting Co. G, 8, 12) 

Aurora Refinirig Co. (8) 

Belmont Smelting & Refining Works, Inc. (8, 9 
10) 

Bohn Aluminum & Brass Corp. (2, 12) 

Both, 0. A. Corp. (10) 

Bridgeport Brass Co. (13) 

Bridgeport Rolling Mills Co. (13, 14) 

Cleveland Electro Metals Co. (8) 

Cochran Foil Co. (7, 13) 

Dixie Aluminum Corp. (2, 12) 

Fairmount Aluminum Co. (9, 13, 14) 

Federated Metals Div., American Smeit- 
ing and Refining Co. (2, 8) 

Frasse, Peter A. & Co., Inc. (2, 9, 12, 13, 
14) 

Fromson Orban Co., Inc. (9, 12, 13, 14) 

Frontier Bronze Corp. (8) 

General Smelting Co. (8) 

Gold Leaf & Metallic Powders, Inc. (10) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (2, 3, 8, 12) 

Himmel Bros. Co. (2) 

Hokin Aluminum Co. (2, 12) 


Suppliers of 
Materials 











Suppliers of Materials 


Hommel, 0. Co. (10) 

Jobbins, Wm. F. Inc. (8) 

Kaiser Aluminum & Chemical Sales, Inc. (2, 
3, 7, 8, 9, 12, 13) 

Kirk, Morris P. & Son, Inc. (8) 

Laminated Shim Co. (13) 

Magna Mfg. Co., Inc. (10) 

Malone Bronze Powder Works, Inc. (10) 

Metals & Controls Corp., General Plate Div. 
(7) 

Metals Disintegrating Co., Inc. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. (8) 

Quaker State Metals Co. (13) 

Reade Mfg. Co., Inc. (10) 

Republic Foils & Metals, Inc. (7) 

ee Copper and Brass, Inc. (2, 7, 12, 13, 
14) 

Reynolds Metals Co. (2, 3, 7, 8, 9, 10, 12, 
13, 14) 

Rigidized Metals Corp. (13, 14) 

Scovill Mfg. Co. (12, 13, 14) 

Sel-Rex Corp. (1) 

Sheet Aluminum Corp. (13) 

Sonken-Galemba Corp. (3, 8) 

Stranahan Foil Co., Inc. (7) 

United Smelting & Aluminum Co., Inc. (13, 
14) 

U.S. Bronze Powder Works, Inc. (10) 

U.S. Extrusions Corp. (12) 

U.S. Reduction Co. (8) 

Utility Mfg Co. (12) 

Vacuum Metals Corp., Div. of Crucible Steel 
Co. of America (2, 3, 8, 9, 13, 14) 

Werner, R. D. Co., Inc. (12) 

White Metal Rolling & Stamping Corp. (13, 
8) 

Whitehead Metal Products Co., Inc. (9, 

12, 13, 14) 


ALUMINUM BRONZE (see Copper) 
ANODES (see specific metal) 


ANODIZERS 

Acme Plating Co. 

Aluminum Finishing Corp. 
American Embiem Co., Inc. 
B & T Metals Co. 
Briggs-Shaffner Co. 

Chicago Thrift-Etching Corp. 
Colonial Alloys Co. 

Edna Lite Optical Co., Inc. 
Engineering Products & Specialties Inc. 
Industrial Chromium Corp. 
Leed, H. A. Co. 

Metal Finishers, Inc. 
Modern Plating Corp. 
National Aluminum Co. 
Reynolds Metals Co. 


ASBESTOS 

American Asbestos Textile Corp. 
Asbestos Corp. of America 
Asbestos Textile Co., Inc. 
Carolina Asbestos Co. 
Connell Asbestos Mfg. Co. 
Jonns-Manville Corp. 
Keasby & Mattison Co. 
Philadelphia Asbestos Corp. 
Raybestos-Manhattan, Inc. 
Standard Asbestos Mfg. Co. 
Vermont Asbestos Mines 


BAR (see specific metal) 


BERYLLIUM 

American Silver Co., Inc. (7, 14) 

Belmont Smelting & Refining Works, Inc. 
(8, 10) 

Beryllium Copper Supply €o. (12, 14) 

Beryitium Corp. (2, 3, 8, 10) 
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Brush Beryllium Co. (2, 3, 7, 8, 9, 10, 12, 
13, 14) 

General Plate Div., Metals & Controls Corp. 
(7) 

Hussey, C. G. & Co., Div. of Copper Range 
Co. (10) 

Riverside-Alloy Metal Div., H. K. Porter Co., 
Inc. (2, 12, 13, 14) 

Sel-Rex Corp. (1) 


BERYLLIUM COPPER (see Copper) 
BILLETS (see specific metal) 


BISMUTH AND ITS ALLOYS 

Alpha Metals, Inc. (2, 3, 7, 12, 13, 14) 

American Metal Co., Ltd. (2, 8) 

Belmont Smelting & Refining Works, Inc. (2, 
8, 10) 

Cerro de Pasco Sales Corp. (8) 

Division Lead Co. (2) 

Federated Metals Div., American Smelit- 
ing and Refining Co. (2, 8) 

Metals Disintegrating Co., Inc. (10) 

Peerless Alloy Co. (2, 8) 

Republic Metals Co., Inc. (2, 8, 14) 

River Smeiting & Refining Co. (8) 

Sel-Rex Corp. (1) 

U.S. Smelting, Refining & Mining Co. (12, 8) 


BORIDES (see Ceramics) 
BRASS (see Copper) 
BRONZE (see Copper) 


BUNA N RUBBER (see Acrylonitrile- 
Butadiene Rubber) 


BUTYL RUBBER 
(see Isoprene-Isobutylene Rubber) 


BUTYRATE 
(see Cellulose Acetate Butyrate) 


CADMIUM 

Alpha Metals, Inc. (2, 7, 12, 13, 14) 

Americaa Metal Co., Ltd. (8) 

American Zinc Sales Co. (1, 8, 9) 

Belmont Smelting & Refining Works, Inc. (1, 
2, 8, 10) 

Bunker Hill Co., Sales & Fabrication Div. (1) 

Division Lead Co. (7, 13) 

du Pont de Nemours, E. I. & Co., Inc. (1, 2) 

Eagle-Picher Co. (3) 

Federated Metals Div., American 
Smelting and Refining Co. (1, 3, 8) 

Fox Products Co. (1) 

Hardy, Charles, Inc. (10) 

McGean Chemical Co. (1) 

Metals Disintegrating Co., Inc. (10) 

New Jersey Zinc Co. (1, 12) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Republic Metals Co., Inc. (1, 2, 8) 

St. Joseph Lead Co. (3) 

Sel-Rex Corp. (1) 

U.S. Smelting, Refining & Mining Co. (8) 


CARBIDES (see Ceramics) 


CARBON, GRAPHITE (inc! parts; no 
key indicates custom parts only) 

Black Bear Co., Inc. (10) 

Blaco Mfg. Co. (10) 

Dixon, Joseph Crucible Co. (9, 10, 12) 

Graphite Metallizing Corp. 

Graphite Specialities Corp. (12) 







Henrite Products Corp. 

Hofford Varnish Co., Inc. 

Industrial Tectonics, Inc. 

Markal Co. (9) 

Morganite, Inc. 

National Carbon Co. (9, 10, 12, 23) 

Ohio Carbon Co. (9, 12) 

Pure Carbon Co., Inc. (4, 5, 12) 

Speer Carbon Co. 

Stackpole Carbon Co. (12) 

Standard Asbestos Mfg. Co. (19, 13, 23) 

United Carbon Products Co. (9, 10, 12, 23) 

U.S. Graphite Co., Div. of Wickes Corp. (9 
12, 13) 





CASTING RESINS 
(see specific plastic or rubber) 


CASTINGS, CENTRIFUGAL 

All Metals Precision Casting Corp. (A, B, F) 

Allegheny Ludium Steel Corp. (F) 

Alloy Precision Castings Co. (A, B, C, 
D, E) 

American Brake Shoe Co. (A, B, H) 

American Cast Iron Pipe Co. (C, F) 

Ampco Metal, Inc. (B) 

Baldwin-Lima-Hamilton Corp. (A, B_ E) 

Buckeye Brass & Mfg. Co. (A, B) 

Bunting Brass and Bronze Co. (B) 

Calorizing Co. (E, F) 

Centrifugal Casting Machine Co. (A, B) 

Centrifugally Cast Products Div., Shenango 
Furnace Co. (B, C, E) 

Centr-O-Cast Engineering Co. (A) 

Cooper Alloy Corp. (A) 

Curtiss-Wright Corp. (F) 

Cyril Bath Co. (F) 

Dayton Foundry (C) 

Duralloy Co. (F) 

Electric Steel Foundry Co. (E, F, G) 

Florence Pipe Foundry & Machine Co. (C) 

General Alloys Co. (E, F) 

Hughes Tool Co. (F) 

International Nickel Co., Inc. (E) 

Janney Cylinder Co. (A, B, C, E, F) 

Johnson Bronze Co. (B) 

Lebanon Steel Foundry (F) 

McCarter Iron Works Inc. (C, F) 

Metal Goods Corp. (A, B, C, E, F) 

Milwaukee Aluminum & Brass Foundry (A, B) 

Ohio Steel Foundry Co. (E) 

Olds Alloys Co. (A, B) 

Precision Metalsmiths, Inc. (A, B, E, F) 

Sandusky Foundry and Machine Co. (B 
E, F) 

True Alloys, Inc. (A, B, H) 

U.S. Pipe and Foundry Co. (C, F) 

Utica Drop Forge & Tool Co. (E, F) 

Winters Foundry & Machine Co., Inc. (A, B) 


CASTINGS, DIE 

Able Tool & Engineering Co. (A, H) 

Accurate Metal Weather Strip Co., Inc. (H) 

Admiral Die Castings Div., Portable Electric 
Tools, Inc. (A, H) 

Advance Tool & Die Casting Co. (A, H) 

Aluminum Co. of America (A, D) 

American Aluminum Casting Co. (A) 

American Crucible Products Co. (B) 

American Foundries Co. (C) 

Anchor Metal Co., Inc. (H) 

Auel Industries (H) 

Auld, D. L. Co. (A, H) ‘ 

Aurora Metal Co. (B) ; 

Badger Die Casting Co. (A) % 

Bendix Aviation Corp. (A, D) 

Centrifugal Casting Machine Co. (A) 

Chicago White Metal Casting, Inc. (A, H) 

Cincinnati Foundry Co. (C) 

Comet Metal Products Co., Inc. (H) 

Conneaut Die Casting Co. (A, H) 

Dayton Bronze Bearing Co. (A, H) 

Diecast Corp. (A, H) 
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Doehler-Jarvis Corp., Div. of National Lead 
Co. (A, B, D, H) 

Dollin Corp. (A, H) 

Dow Chemical Co. (D) 

Nuane Specialties, Ltd. (H) 

Du-Wel Metal Products Inc. (A, H) 

Federal Die Casting Co. (A) 

Foster Aluminum Alloy Products Corp. (A) 

Grammes, L. F. & Sons, Inc. (H) 

Grand Rapids Brass Co. (H) 

Grey, C. M. Industries Inc. (A, H) 

Gries Reproducer Corp. (H) 

Hamilton Die Cast, Inc. (A, H) 

Hampden Brass & Aluminum Co. (A, H) 

Hardy Mfg. Corp. (H) 

Harsco Corp., Precision Castings Div. 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A, H) 

Harvill Corp. (A, D, H) 

Hercules Fastener Co. (H) 

Hilfinger Corp. (H) 

Hoover Co. (A, H) 

Kent Castings Corp. (H) 

King-Seeley Corp. (H) 

Krone, Paul Die Casting Co. (A, H) 

La France Precision Casting Co. (H) 

Lester Castings, Inc. (A, H) 

Litemetal Dicast Inc. (D) 

Littlestown Hardware & Foundry Co. Inc. (A) 

Livingston-Tyler Products (H) 

Madison-Kipp Corp. (A) 

Magline, Inc. (A, D) 

Milwaukee Die Casting Co. (A, H) 

Model Brass Co., Inc. (A, B) 

Monarch Aluminum Mfg. Co. (A, H) 

Monarch Tool & Mfg. Co. (H) 

Mt. Vernon Die Casting Corp. (A, H) 

New Products Corp. (A, D) 

Newton-New Haven Co. (A, H) 

Noraren-Stemac, Inc. (H) 

Paramount Die Casting Co. (A, D, H) 

Parker White Metal Co. (A, H) 

Phoenix Die Casting Co. (A, H) 

Pittsburgh Die & Casting Co. (A, H) 

Rupert Diecasting Co. (A, H) 

St. Louis Diecasting Corp. (A, H) 

St. Marys Foundry Co. (C) 

Sargent & Greenleaf, Inc. (A, H) 

Schilling Bronze Co. (A) 

Schneider Bowman Co., Inc. (C) 

Sterling Die Casting Co. (A, H) 

Stuart Foundry Co. (C) 

Superior Die Casting Co. (A, B) 

Titan Metal Mfaq. Co. (B) 

Twin City Die Castings Co. (A, H) 

Veeder-Root, Inc. (H) 

Vulcan Rail & Construction Co. (A, C, F) 

Weber-Knapp Co. (A) 

West Irving Die Casting Co. (A) 


CASTINGS, INVESTMENT 

All Metals Precision Casting Corp. (A, B, F) 

Alloy Precision Castings Co. (A, B, C, 
D, E, F) 

Arwood Precision Castings Corp. (A, B, D, F) 

Austenal, Inc. (C, E, F) 

Bone Engineering Corp. (A, B, C, D, E, F, G, H) 

Buckeye Brass & Mfg. Co. (B, C, F) 

Budd-Stanley Co., Inc. (A, B, D, E, G, H) 

Casting Engineers, Inc. (A, B, C, E, F) 

Centrifugal Casting Co. (A B, D, E, G, H) 

Chrysler Corp. (A, B, C, D, E, F, G, H) 

Crucible Steel Co. of America (F) 

Eaton Mfg. Co., Foundry Div. (C) 

Electronicast, Div. of Nilsen Mfg. Co. (A, B, 
C, D, E, F, G, H) 

—— Precision Casting Co. (A, B, C, E, 

General Electric Co., Foundry Dept. (A, B, 
C, D, E, F, G, H) 

Gray-Syracuse, Inc. (A, B, C, E, F) 

Harcast Co. (A, B, C, E, F) 
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Hawkridge Bros. Co. (A, B, C, D, E, F, G, H) 

Hitchiner Mfg. Co., Inc. (A, B, C, E, F) 

Howard Foundry Co. (A, B, C, E, F, G) 

Illinois Precise Casting Co. (A, C, D, E, F, 
G, H) 

International Nickel Co., Inc. (E) 

Investment Casting Co. (A, B, C, E, F) 

Jelrus Precision Casting Corp. (A, B, C, D, E, 
F, G, H) 

Kolcast Industries, Inc. (A, B, C, D, E, F, G, 
H) 

Lawrence Laboratory (A, B, C, D, E, F, G, H) 

Loeffler, J. M. Co., Machine & Brass Works 
(B) 

Meehanite Metal Corp. (C) 

Metal Goods Corp. (E, F) 

Midwest Foundry Co. (C, F) 

Misco Precision Casting Co. (A, B, C, D, E, 
F, G, H) 

Precision Castparts Co. (A, B, C, D, E, F, G, 
H) 

Precision Founders, Inc. (A, B, C, D, E, F, G, 
H) 

Precision Metalsmiths, Inc. (A, B, E, F) 

Rolle Mfg. Corp. (A, D) 

Thompson, K. W. Tool Co. (A, B, C, D, E, F, 
G, H) 

York Castings, Inc. (A, B, C, D, E, F, G, H) 

Z & H Mfg. Co. (A, B, C, D, E, F, G, ) 


CASTINGS, NONMETALLIC 
(plastics and rubber) 

Ace Plastic Co. (K) 

Acushnet Process Co. (L) 

Auburn Plastic Engineering (J) 

Biggs, Carl H. Co., Inc. (J, K) 

Boonton Molding Co. (J, K, L) 

Cadillac Plastic & Chemical Co. (J) 

Campro Co. (J) 

Cast Optics Corp. (J, K) 

Conneaut Rubber and Plastics Co. (J) 

Disoarin Industries, Inc. (L) 

Douglas & Sturgess (K, L) 

Eby, Hugh H. Co. (J, K) 

Eljay Corp. (K) 

General Mills, Inc., Chemical Div. (J, K) 

Grimes Mfg. Co., Plastic Research Products 
(K) 

Hays Mfg. Co. (K) 

Kerr, R. W. Plastic Co. (J, K, L) 

Kurz-Kasch, Inc. (K) 

Marblette Corp. (K) 

Mechanical Rubber Products Co. (K) 

Minnesota Rubber and Gasket Co. (J, L) 

New England Tape Co., Inc. (K) 

Pyrosil, Inc. (K) 

Ren Plastics, Inc. (K) 

Robot Devices Inc. (K) 

Sewell Mfq. Co. (K) 

Sierra Electronic Corp. (J) 


CASTINGS, PERMANENT MOLD 

A C F Industries, Inc. (D) 

Acme Aluminum Foundry Co. (A) 

Advance Aluminum Castings Corp. (A) 

Aluminum Casting & Engineering Co. (A, H) 

Aluminum Co. of America (A, D) 

Aluminum Industries Inc. (A) 

Aluminum Permanent Mold Co. (A) 

Aluminum-Alloy Casting Co. (A) 

American Aluminum Casting Co. (A) 

American Brake Shoe Co. (A, B, H) 

Apex Steel Corp., Ltd. (F) 

Baldt Anchor, Chain & Forge Div., Boston 
Metals Co. (A, B) 

Baldwin-Lima-Hamilton Corp. (A, B, E) 

Bendix Aviation Corp. (A, D) 

Bohn Aluminum & Brass Corp. (A) 

Briags-Shaffner Co. (A) 

Bronze & Steel Die Casting Co. (A, B) 

Buckeye Brass & Mfg. Co. (A, B) 
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Bunting Brass and Bronze Co. (B) 
Calumet Div., Calumet & Hecla, Inc. (C) 
Centrifugal Casting Machine Co. (A) 
Centr-0-Cast Engineering Co. (A) 
Cochrane Foundry, Inc. (A, B, H) 
Crucible Steel Co. of America (F) 
Derby Castings Co. (A) 

Dirilyte Co. of America, Inc. (B) 

Dixie Bronze Co. (B) 

Dostal Foundry & Machine Co. (C) 
Dow Chemical Co. (D) 

Enterprise Wheel & Car Corp. (A) 

Est Co., Inc. (A, D) 

Exalico Mfg. Co. (A) 

Fairfield Aluminum Castings Co. (A) 
Fischer Casting Co., Inc. 

Hampden Brass & Aluminum Co. (A) 
Harvill Corp. (A, D) 

Howard Foundry Co. (A) 

General Aluminum Mfg. Co. (A, D) 
Gillett & Eaton, Inc. (A) 

Johnson Bronze Co. (B) 

Lebanon Steel Foundry (F) 

Light Metals, Inc. (A, D) 

Littlestown Hardware & Foundry Co., Inc. (A) 
Magline, Inc. (D) 

Mansfield Brass & Aluminum Corp. (A) 
Marshall Car Wheel & Foundry Co., Inc. (C) 
Meehanite Metal Corp. (C) 

Metal Mold Magnesium Corp. (D) 
Meta-Mold Aluminum Co. (A) 

Monarch Aluminum Mfg. Co. (A) 
Morse, Fred W. Co. (A, H) 

National Aluminum Mfg. Co. (A) 
Oregon Metallurgical Corp. (G) 
Parker, Charles Co. (A, H) 

Permold Co. (A) 

Rolle Mfg. Corp. (A, D) 

Schilling Bronze Co. (A) 

Schmeller Aluminum Foundry Co. (A) 
Skookum Co., Inc. (F) 

Standard Magnesium Corp. (D) 
Sterling Aluminum Products, Inc. (A) 
Texas Foundries, Inc. (C, F) 
Thompson Products, Inc. (A) 

True Alloys, Inc. (A, B, H) 

Universal Castings Corp. (A, B) 
Vulcan Rail & Construction Co. (A, C) 
Waterman Industries, Inc. (A) 
Wellman Bronze and Aluminum Co. (A, D) 
Williams, A. C. Co. (D) 

Winters Foundry & Machine Co., Inc. (A) 
Wisconsin Aluminum Foundry Co., Inc. (A) 

































































CASTINGS, PLASTER MOLD 

All Metals Precision Casting Corp. (A, B) 

Aluminum Co. of America (A, D) 

Atlantic Casting & Engineering Corp. (A) 

Bean, Morris & Co. (A) 

Bendix Aviation Corp. (A, D) 

Curtiss-Wright Corp. (F) 

Derby Castings Co. (A) 

Hampden Brass & Aluminum Co. (A) 

Lebanon Steel Foundry (F) 

Loeffier, J. M. Co., Machine & Brass Works 
(B) 

Ohio Precision Castings, Inc. (A, B, E, H) 

Ross-Meehan Foundries (C, F) 

Schilling Bronze Co. (A) 

Schneider Bowman Co., Inc. (C) 

Searjeant Metal Products Inc. (A, C) 

True Alloys, Inc. (A, B, H) 

Universal Castings Corp. (A, B) 

Wayne Foundry & Stamping Co. (H) 

Western Iron & Foundry Co., Inc. (C) 





CASTINGS, SAND 

ABCO Aluminum & Brass Works (A, B, E) 

Acco Malleable Casting Div., American Chain 
& Cable Co., Inc. (C) 

Acco Steel Casting Div., American Chain 
& Cable Co., Inc. (F) 

Acme Aluminum Foundry Co. (A) 










































































Suppliers of Materials 





Aelco Brass Foundry (A, B, E, F) 

Albany Car Wheel Co., Inc. (C) 

Albert Lea Foundry Co. (C) 

Albion Malleable Iron Co. (C) 

Alcasco Foundry (A, B) 

Allegheny Foundry Co. (C) 

Allegheny Ludlum Steel Corp. (F) 

Allied Steel Casting Co. (F) 

Alloy Cast Steel Co. (F) 

Alloy Steel Casting Co. (F) 

Almont Mfg. Co. (C) 

Aluminum-Alloy Casting Co. (A) 

Aluminum Casting & Engineering Co. (A, H) 

Aluminum Co. of America (A, D) 

Aluminum Industries, Inc. (A) 

Aluminum Permanent Mold Co. (A) 

Amalgamated Steel Corp. (F) 

American Aluminum Casting Co. (A) 

American Brake Shoe Co. (A, B, H) 

American Cast Iron Pipe Co. (C, F) 

American Crucible Products Co. (B) 

American Foundries Co. (C) 

American Laundry Machinery Co. (C) 

American Light Alloys, Inc. (D) 

American Manganese Steel Div., American 
Brake Shoe Co. (F) 

American Metal Co., Ltd. (B) 

American Sanitary Mfg. Co. (B) 

American Steel Foundries (F) 

Ampco Metal, Inc. (B) 

Apex Steel Corp., Ltd. (F) 

Arkansas Foundry Co. (A, C) 

Arneson Foundry Co. (C, F) 

Arzt, T. L. Foundry Co. (C) 

Atlantic Foundry Co. (C, F) 

Atlantic Steel Castings Co. (F) 

Atlas Brass Foundry (B) 

Atlas Foundry Co. (C) 

Atlas Foundry & Machine Co. (C, F) 

Banner Iron Works (C) 

Barnard Foundry Co., Inc. (B) 

Barnett Foundry & Machine Co. (C) 

Bavohr, Carl Co. (A, B, H) 

“— Foundry & Machine Works, Inc. (A, 

Bay City Electric Steel Casting Co. (F) 

Bay State Tool & Machine Co. (F) 

Bean, Morris & Co. (C) 

Beaver Valley Alloy Foundry Co. (F) 

Belcher Malieable Iron Co. (C) 

Belle City Malleable Iron Co. (C) 

Bendix Aviation Corp. (A, D) 

Bethlehem Steel Co. (C, F) 

Black-Clawson Co. (C) 

Blackmer Pump Co. (C) 

Bohn Aluminum & Brass Corp. (A) 

Bonnot Co. (C) 

Briggs-Shaffner Co. (A, C) 

Brinkerhoff Brass & Bronze Works, Inc. (A, 
B, E, F) 

Bruce Foundry and Mfg. Co. (C) 

Buckeye Iron & Brass Works (A, B) 

Budd Foundries Refractories (A, C) 

Bunting Brass & Bronze Co. (B) 

Butler Engine & Foundry Co., Inc. (A, B, C) 


Cadillac Malleable Iron Co. (C) 

Calorizing Co. (E, F) 

Calumet Div., Calumet & Hecla, Inc. (C) 

Calumet Stee! Castings Corp. (F) 

Campbell, Wyant & Cannon Foundry Co., Div. 
of Textron Inc. (C, F) 

Carondelet Foundry Co. (C, F) 

Casting Service Corp. of Michigan (C) 

Chambersburg Engineering Co. (C) 

Chase Brass & Copper Co. (B) 

Chattanooga Aluminum Foundry (A) 

Chicago Aluminum Castings (A) 

Chicago Hardware Foundry Co. (A, B, C) 

Chicago Malleable Castings Co. (C) 

Cincinnati Foundry Co. (C) 

Clarksville Foundry & Machine Works (A, C) 

Cleveland Foundry & Mfg. Co., Inc. (C) 

Clinton Metal Products Co. (A) 

Cochrane Foundry, Inc. (A, B, H) 

Columbian Bronze Corp. (A, B, C) 
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Columbiana Pump Co. (C) 

Compton Foundry (C) 

Continental Gin Co. (C) 

Cooper Alloy Corp. (F) 
Cooper-Bessemer Corp. (C) 

Crawford & Doherty Foundry Co. (C) 
Crown Non-Ferrous Foundry Inc. (A, B, E) 
Crucible Steel Casting Co. (F) 
Crucible Steel Co. of America (F) 
Curtiss-Wright Corp. (F) 

Dalton Foundries, Inc. (C) 

Dayton Bronze Bearing Co. (A, B) 
Dayton Foundry (C) 

De Sanno Foundry & Machine Co. (A, B) 
Decrow Engineering Corp. (A, B) 
Derby Castings Co. (A, B) 

Detroit Magnesium Castings Co. (D) 
Dirilyte Co. of America, Inc. (B) 
Dixie Bronze Co. (A, B) 

Dow Chemical Co. (D) 

Duluth Brass Works Co. (A, B) 
Duralloy Co. (F) 


East Birmingham Bronze Foundry Co. (A, B, 
H) 

Eastern Malleable Iron Co. (C, F) 

Elchinger, Charles F. (A, B) 

Electric Materials Co. (B) 

Electric Steel Foundry (C, E, F) 

Electron Corp. (C) 

Elkhart Iron Works (C) 

Empire Pattern & Foundry Co. (A, B, C) 

Enterprise Wheel & Car Corp. (A, C) 

Erie Bronze Co. (A, B) 

Eureka Electric Products Co. (A, B) 

Fahralioy Co. (F) 

Fairfield Aluminum Castings Co. (A) 

Fischer Casting Co., Inc. (A) 

Flood City Brass & Electric Co. (B) 

Florence Pipe Foundry & Machine Co. (C) 

Florin Foundry & Mfg. Co. (C) 

Frederick Iron & Steel, Inc. (C) 

Frontier Bronze Corp. (A, B, E) 

Fulton Foundry & Machines Co., Inc. (C) 


Gale Mfg. Co. (C) 

Gartland Haswell Foundry Co. (C) 

General Alloys Co. (E, F) 

General Foundry & Mfg. Co. (C) 

General Malleable Corp. (C) 

General Motors Corp., Central Foundry Div. 
(C) 

Georgia Iron Works (C) 

Gibson & Kirk Co. (A, B, E) 

Gilbert Brass Foundry Co. (A, B) 

Gillett & Eaton, Inc. (A, C) 

Glover Machine Works (F) 

Gluntz Brass & Aluminum Foundry Co. (A, B, 
H) 

Gowanda Furnaces, Inc. (C) 

Grafton Foundry Co. (C) 

Graham, James Co. (B) 

Greenlee Foundry Co. (C) 

Grimm Foundry Co., Inc. (C, F) 

Gunite Foundries Corp. (C, F) 

H & H Foundry Machine Co. (C) 

Hamilton Foundry & Machine Co. (C) 

Hampden Brass & Aluminum Co. (A, B, F) 

Hardinge Mfg. Co. (C) 

Helmick Foundry-Machine Co. (C) 

Hewitt, John Foundry Co. (A, B, C) 

Hills-McCanna Co. (D) 

Hobbs, Clinton E. Co. (A, B, C) 

Hodgson Foundry Co. (A, B) 

Hoffman Bronze & Aluminum Casting Co. (A, 
B) 

Homestead Valve Mfg. Co. (A, B, C, E) 

Howard Foundry Co. (A, B, C, D, E, F) 

Illinois Iron & Bolt Co. (A, E) 

Independence Stove & Mfg. Co. (C) 

Indiana Brass Co., Inc. (B) 

Industrial-Ferguson Foundry Corp. (A, B, E, 
H) 

International Nickel Co., Inc. (E) 

Iowa Malleable Iron Co. (C) 

Irwin Foundry and Mine Car Co., Industrial 
and Furnace Car Div. (C) 


Jamestown Malleable Iron Corp. (C) 

Johnson Bronze (B) 

Johnstone Foundries, Inc. (C) 

Kanawha Mfg. Co. (C) 

Kansas City Hay Press Co. (C) 

Kay-Brunner Steel Products, Inc. (F) 

Keen Foundry Co., Inc. (C) 

Kelly Foundry Co. (C) 

King-Seeley Corp., Central Specialty Div. (C) 

Kingsport Foundry & Mfg. Corp. (A, B, C, E) 

Klinzing, A. F. Co., Inc. (C) 

Koehring Co. (C) 

Kutztown Foundry & Machine Corp. (C) 

L F M Mfg. Co., Inc. (C, F) 

La Porte Foundry Co. (A, C) 

Laconia Malleable Iron Co. (C) 

Lake Erie Foundry Co. (C) 

Lakeside Bronze Inc. (A, B) 

Langsenkamp-Wheeler Brass Works Inc. (A, 
B) 

Laragy P. Iron Foundry, Inc. (C) 

Lattimer Foundry and Machine Co. (A) 

Lawrence Copper & Bronze Co. (B) 

Lebanon Steel Foundry (F) 

Lectromelt Casting (A, C, F) 

Lee Bros. Foundry Co., Inc. (B) 

Lehigh, Inc. (C) 

Leitelt Bros., Inc. (A, B) 

Lewistown Foundry & Machine Co. (C) 

Light Metals, Inc. (A, D) 

Lincoln Foundry Corp. (C) 

Lincoln Iron Works (A, C) 

Littite Foundries, Inc. (C) 

Littlestown Hardware & Foundry Co., Inc. (A, 
B, C) 

Lloyd & Scott Brass Foundry Inc. (A, B) 

Lodge Mfg. Co. (C) 

Loeffler, J. M. Co., Machine & Brass Works 
(B) 

Lorain Brass Co. (B) 

Lumen Bearing Co. (A, B, D, E, G, H) 

Macaulay, H. C. Foundry Co. (C) 

Mackintosh-Hemphill Div., E. W. Bliss Co. (F) 

Madison Foundry Co. (C) 

Magline, Inc. (D) 

Mallory, P. R. & Co., Inc. (B) 

Mansfield Brass & Aluminum Corp. (A, B) 

Marshall Car Wheel & Foundry Co., Inc. (C) 

McLanahan & Stone Corp. (A, C) 

McNally Pittsburg Mfg. Co. (C) 

Meehanite Metal Corp. (C) 

Merrimac Brass (A, B) 

Metal Goods Corp. (C, E, F) 

Midwestern Foundries, Inc. (C) 

Milwaukee Aluminum & Brass Foundry (A, B) 

Milwaukee Valve Co. (A, B) 

Minneapolis Electric Steel Casting Co. (F) 

Mitchell, Robert Co., Ltd. (D) 

Model Brass Co., Inc. (A, B) 

Modern Brass Foundry & Mfg. Co. (A, B) | 

Montague Machine Co. (B, C, E) a 

Morse, Fred W. Co. (A, H) 

Mueller Brass Co. (A, B) 

Muskegon Piston Ring Co. (B, C) 


National Aluminum & Brass Foundry, Inc. 
(A, B) 

National Aluminum Co., Inc. (A, B) 

National Brass Works, Inc. (A, B, E) 

National Steel & Shipbuilding Corp. (C) 

National Supply Co. (C, F) 

Newman Bros. Inc. (A, B, E) 

North Wales Foundry Co., Inc. (C) 

Northern Malleable Iron Co. (C) 

Oakes Bronze & Aluminum Co. (A, B) 

Oakland Foundry & Machine Co. (C) 

Ohio Malleable Div., Dayton Malleable Iron 
Co. (C) 

Ohio Precision Castings, Inc. (A, B, E, H) 

Ohio Steel Foundry Co. (E, F) 

Oil City Iron Works (C) 

Oklahoma Steel Castings Co. (F) 

Olderman Mfg. Corp. (A, B) 

Olds Alloys Co. (A, B, H) 

Olympic Steel Works (F) 

Omaha Steel Works (F) 
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Oregon Brass Works (A, B) 
Owen Pattern Foundry & Mfg. Co., Inc. 
(A, B) 


Pacific Brass Foundry of San Francisco (A, 
B, E, H) 

Pacific Foundry Co. Ltd. (C, F) 

Palmyra Foundry Co., Inc. (C) 

Parker, Charles Co. (A, B) 

Paulson, Thomas & Son, Inc. (A, B, E, H) 

Pennsylvania Malleable Iron Corp. (C) 

Pequonnock Foundry, Inc. (C) 

Perkins, Henry Co. (C) 

Permold Ce. (A) 

Pettibone Mulliken Corp. (F) 

Pittsburgh Foundry & Machine Co. (C) 

Pittsburgh Steel Foundry Corp. (F) 

Pohiman Foundry Co., Inc. (C) 

Portland Iron Works (C) 

Potts, C. & G. & Co. (C) 

Pratt, William E. Mfg. Co. (B) 

Prescott Co. (C) 


Quest, J. F. Foundry Co. (C) 
Quality Castings Co. (D) 


Refinery Castings Co. (C) 

Reliance Steel Casting Co. (F) 

Riverside Foundry Co. (A, C) 

Riverside Foundry & Galvanizing Co. (A, B, C) 
Rolle Mfg. Co. (A, D) 

Rosedale Foundry & Machine Co. (C) 
Ross-Meehan Foundries (C, F) 


St. Louis Steel Casting Inc. (F) 

St. Marys Foundry Co. (C) 

Sall Bros. Co. (A, B) 

Sandy Hill Iron & Brass Works (A, C) 
Sargent & Greenleaf, Inc. (A) 
Schilling Bronze Co. (A) 

Schmeller Aluminum Foundry Co. (A) 
Schneider Bowman Co., Inc. (C) 
Scottdale Ozone Co. (A, C) 

Scovill Mfg. Co. (B) 

Scullin Steel Co. (F) 

Searjeant Metal Products Inc. (A, C) 
Selma Foundry & Machine Co. (C) 
Sharpsville Steel Fabricators, Inc. (C, F) 
Sheffield Foundry Co. (C) 

Shenango Furnace Co. (C) 

Sherman & Reilly, Inc. (A, C, F) 
Shriver, T. & Co., Inc. (A, B, C) 

Sibley Machine & Foundry Corp. (C) 


Sinclair Co. (A, B) 

Sioux City Foundry & Boiler Co. (A, C) 

Sivyer Steel Casting Co. (F) 

Smith & Winchester Mfg. Co. (A, B, C, F) 

Somerset Foundry & Machine Co. (C) 

Sonith Industries, Inc. (C) 

Spencer's, I. S. Sons, Inc. (A, B, C) 

Spring City Foundry Co. (C) 

Springer’s Foundry Co., Inc. (C) 

Springfield Foundry Co. (C) 

Spuck Iron & Foundry Co. (C) 

Stainless Foundry & Engineering, Inc. (E) 

Standard Casting Corp. (A, B) 

Standard Foundry Co. (C) 

Standard Steel Works, Div. of Baldwin-Lima- 
Hamilton Corp. (F) 

Stanwood Corp. (F) 

Stearns Roger Mfg. Co. (C) 

Sterling Brass Foundry Inc. (A, B) 

Sterling Foundry Co. (A) 

Stillman White Foundry Co., Inc. (A, B) 

Strong Steel Foundry Co. (F) 

Stuart Foundry Co. (C) 

Stulz-Sickles Co. (F) 

Swedish Crucible Steel Co. (F) 

Swett, A. L. Iron Works (C) 


Taylor & Co. Inc. (C) 

Taylor & Boggis Foundry (C) 

Terre Haute Bronze & Brass Foundry (B) 
Terre Haute Malleable & Mfg. Corp. (C) 
Texas Foundries, Inc. (C, F) 

Tower Grove Foundry (C) 

Trenton Brass Co. (B) 

True Alloys, Inc. (A, B, H) 


Turner & Seymour Mfg. Co. (C) 
Union Iron Works (C, F) 

Unitcast Corp. (F) 

U.S. Pipe and Foundry Co. (C) 

Utica General Jobbing Foundry, Inc. (C) 
Utica Radiator Corp. (C) 

Valley Iron Works, Inc. (C) 

Vulcan Foundry Co. (C) 

Vulcan Rail & Construction Co. (A, C, F) 
Wall Colmonoy Corp. (E) 


Waltham Foundry Co. (A, C) 

Washington Iron Works (C) 

Waterman Industries, Inc. (A, B, C) 

Waukesha Foundry Co. (A, B, E, F) 

Wayne Agricultural Works, Inc. (B, C) 

Wayne Foundry & Stamping Co. (H) 

Weber-Knapp Co. (A) 

Wellman Bronze and Aluminum Co. (A, D) 

Werner Foundry & Machine Co. (C) 

West Haven Foundry Co. (A, B) 

Western Automatic Machine Screw Co. (C) 

Western Foundry & Machine Works, Inc. (C) 

Western Iron & Foundry Co., Inc. (C) 

Westmoreland Malleable Iron Co. (C) 

Williams, A. C. Co. (D) 

Williams, E. A. & Son (A, B) 

Winters Foundry & Machine Co., Inc. (A, 
B, E, H) 

Wisconsin Aluminum Foundry Co., Inc. (A, B) 

Wollaston Foundry Corp. (C) 

Woodruff & Edwards, Inc. (C) 

Zenith Foundry Co. 


CASTINGS, SHELL MOLD 

ABCO Aluminum & Brass Works (A, B, E) 

Aelco Brass Foundry (A, B, E, F) 

Albion Malleable Iron Co. (C) 

Alloy Precision Castings Co. (C, F) 

Almont Mfg. Co. (C) 

American Brake Shoe Co. 

American Cast Iron Pipe Co. (C, F) 

American Manganese Steel Div., American 
Brake Shoe Co. (F) 

American Steel Foundries (F) 

Ampco Metal, Inc. (B) 

Aurora Metal Co. (B) 

Auto Specialties Mfg. Co. (F) 

Bendix Aviation Corp. (A, D) 

Bethlehem Steel Co. (F) 

Cadillac Malleable Iron Co. (C) 

Chicago Hardware Foundry Co. (A, B, C) 

Chicago Malleable Castings Co. (C) 

Cochrane Foundry, Inc. (A, B, H) 

Cooper Alloy Corp. (F) 

Crucible Steel Casting Co. (F) 

Crucible Steel Co. of America (F) 

Curtiss-Wright Corp. (F) 


Dirilyte Co. of America, Inc. (B) 

Electric Steel Foundry Co. (C, F) 

Fischer Casting Co., Inc. (A) 

Gale Mfg. Co. (C) 

General Electric Co., Foundry Dept. (F) 

General Motors Corp., Central Foundry Div. 
(C) 

Gilbert Brass Foundry Co. (A, B) 

Grimm Foundry Co., Inc. (C) 

Gunite Foundries Corp. (C, F) 


Hobbs, Clinton E. Co. (A, B, C) 
Howard Foundry Co. (A, B, C, D, E, F) 


Investment Casting Co. (A, B, E, F) 
Jamestown Malleable Iron Corp. (C) 


Laconia Malleable Iron Co. (C) 

Lakeside Bronze Inc. (A, B) 

Lebanon Steel Foundry (F) 

Lehigh, Inc. (C) 

Loeffler, J. M. Co. Machine & Brass Works 
(B) 


Mallory, P. R. & Co., Inc. (B) 

Marshall Car Wheel & Foundry Co., Inc. (C) 
McCarter Iron Works Inc. (C, F) 
Meehanite Metal Corp. (C) 

Metal Goods Corp. (C, E) 
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Michigan Steel Casting Co., Div. of Consoli- 
dated Foundries & Mfg. Corp. (F) 

National Bearing Div., American Brake Shoe 
Co. (A, B) 

Northern Malleable Iron Co. (C) 

Ohio Steel Foundry Co. (E, F) 

Oklahoma Steel Castings Co. (F) 

Olympic Steel Works (F) 

Oregon Brass Works (A, B) 

Parker, Charles Co. (A, B) 

Pettibone Mulliken Corp. (F) 

Pratt & Letchworth Div., Dayton Malleable 
Iron Co., Inc. (F) 

Rolle Mfg. Corp. (A, D) 

Ross-Meehan Foundries (C, F) 

Sall Bros. Co. (A, B) 

Schilling Bronze Co. (A) 

Taylor & Co., Inc. (C) 

Texas Foundries, Inc. (C, F) 

Texas Steel Co. (F) 

Trenton Brass Co. (B) 

True Alloys, Inc. (A, B, H) 

Unitcast Corp. (F) 


Washington Iron Works (C) 

Waukesha Foundry Co. (A, B, E, F) 

Wayne Agricultural Works, Inc. (B, C) 

Western Automatic Machine Screw Co. (C) 

Winter Foundry & Machine Co., Inc. (A, B, 
E, H) 

Woodruff & Edwards, Inc. (C) 


CELLOPHANE (see Cellulose, 
Regenerated) 


CELLULOSE ACETATE 

Ace Plastic Co. (12, 13, 14) 

Adhesive Products Corp. (18) 

Albany Novelty Mfg. Co. (20) 

American Hard Rubber Co. (]2) 

American Kleer-Vu Plastics, Inc. (20, 13) 

American Molding Powder & Chemical Co. 
(22) 

American Products Mfg. Co., Inc. (17, 20) 

Anchor Plastics Co., Inc. (12, 14) 

Auburn Plastic Engineering (13) 

Bamberger, Claude P. Inc. (22) 

Cadillac Plastic & Chemical Co. (20, 13, 14) 

Carroll, J. B. Co. (13) 

Celanese Corp. of America (17, 20, 22, 
13) 

Chicago Molded Products Corp., Campco Div. 
(20, 13) 

Coating Products (20) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Craftint Mfg. Co. (13) 

du Pont de Nemours, E. I. & Co., Inc. 
(19, 13) 

Eastman Chemical Products, Inc. (17, 19, 22) 

Eastman Kodak Co. (20, 13) 

Falge Engineering Corp. (20) 

Fry Plastics.Co. (12, 13) 

Gering Products, Inc. (22, 12, 14) 

Glass Laboratories (12, 14) 

Hercules Powder Co. (17, 22) 

Industrial Plastics Corp. (12, 14) 

Knoedler Chemical Co. (12, 13) 

Luminous Resins, Inc. (22) 

Monsanto Chemical Co. (20, 12, 13) 

Muehistein, H. & Co., Inc. (22) 

Omni Products Corp. (22, 12, 13) 

New England Tape Co. (12, 13) 

Nixon Nitration Works (12, 13) 

Pacific Coast Foil Co. (20) 

Perfex Plastics, Inc. (12, 14) 

Pyramid Plastics, Inc. (12, 14) 

Reed Plastics Corp. (22) 

Rosco Laboratories (20, 13) 

Rowland Products, Inc. (12, 13, 14) 

Schwab Plastics Corp. (21, 12, 14) 

Simon Products Co. (20, 13) 

Snyder Mfg. Co., Inc. (20, 13) 

Southern Plastics Co. (20, 12, 13, 14) 
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Suppliers of Materials 


Walsen Consolidated Mercantile Co. (12, 13) 
Westlake Plastics Co. (12, 13) 
World Plastex (12, 13, 14) 


CELLULOSE ACETATE 
BUTYRATE 


Adhesive Products Corp. (18) 

American Hard Rubber Co. (1?) 

American Molding Powder & Chemical Co 
(22) 

Anchor Plastics Co., Inc. (12, 14) 

Auburn Plastic Engineering (13) 

Bamberger, Claude P. Inc. (22) 


Cadillac Plastic & Chemical Co. (20, 12, 


13, 14) 
Carroll, J. B. Co. (13) 


Chicago Molded Products Corp., Campco Div. 


(20, 13) 
Coating Products (20) 


Commercial Plastics & Supply Corp. 


(12, 13, 14) 
Eastman Chemical Products, Inc. (17, 22) 
Eastman Kodak Co. (20, 13) 
Falge Engineering Corp. (20) 
Gering Products, Inc. (22, 12, 14) 
Glass Laboratories (12, 14) 


Hydrawlik Co. (12, 14) 

Industrial Plastics Corp. (12, 14) 

KSH Plastics, Inc. (12, 13, 14) 
Luminous Resins, Inc. (22) 
Muehistein, H. & Co., Inc. (22) 

New England Tape Co., Inc. (12, 13) 
Nixon Nitration Works (12, 13) 

Omni Products Corp. (22, 12, 13) 
Perfex Plastics, Inc. (12, 14) 
Pyramid Plastics, Inc. (12, 14) 
Rowland Products, Inc. (12, 13, 14) 
Schwab Plastics Corp. (12, 14) 

Shoe Form Co. (13, 14) 

Snyder Mfg. Co., Inc. (20, 13) 
Southern Plastics Co. (20, 12, 13, 14) 
World Plastex (12, 13, 14) 


CELLULOSE NITRATE 


du Pont de Nemours, E. I. & Co., Inc. 


(13) 
Falge Engineering Corp. (20) 
Hercules Powder Co. (17, 12) 
Monsanto Chemical Co. (20, 12, 13) 
Nixon Nitration Works (12, 13) 
Omni Products Corp. (12, 13) 
Rowland Products, Inc. (13) 


CELLULOSE PROPIONATE 
Celanese Corp. of America (17, 22) 
Perfex Plastics, Inc. (12, 14) 
Southern Plastics Co. (20, 12, 13, 14) 
World Plastex (12, 13, 14) 





CELLULOSE, REGENERATED 
(e.g., Cellophane) 

Adhesive Products Corp. (18) 

Aladdin Products Co. (13) 

American Viscose Corp. (20) 

Cadillac Plastic & Chemical Co. (20) 

du Pont de Nemours, E. I. & Co., Inc. 


(19) 
Mason Envelope Co., Inc. (20) 
Pacific Coast Foil Co. (20) 


CEMENTED CARBIDES 
(see Ceramics) 


CENTRIFUGAL CASTINGS 
(see Castings) 


CERAMIC COATINGS (see Coatings) 


CERAMICS , 
(materials or parts incl refractories and 


cermets; no key indicates custom parts 
only; see also Mica) 


Adamas Carbide Corp. 

Aerovox Corp., Crowley Div. (9, 12, 23) 

Alloy Metal Powders, Inc. 

Allegheny Ludlum Steel Corp. 

American Electro Metal Div., Firth-Sterling, 
Inc. 

American Lava Corp. (9, 12, 23) 

American Valve & Enameling Corp. 

Amersil Co., Inc. 

B. G. Corp. 

Bay Ridge Specialty Co., Inc. 

Beryl Ores Co. ; 

Brush BeryHium Co. (9, 10, 12, 23) 

Cedar Heights Clay Co. (10) 

Centralab Div., Globe Union Inc. (12, 23) 

Climax Molybdenum Co. 

Coors Porcelain Co. 

Corning Glass Works 

Dixon, Joseph Crucible Co. 

Dodge Fibers Corp. (12) 

Du-Co Ceramics Co. (9, 10, 12, 23) 

Edgar Plastic Kaolin Co. 

Electrical Refractories Co. (23) 

Electrometallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Ferro Corp. (10) 

Frenchtown Porcelain Co. 

General Ceramics Corp. (12, 13, 23) 

General Electric Co., Metallurgical Products 
Dept. 

Georgia Kaolin Co. 

Glass Laboratories 

Heavy Minerals Co. 

Hommel, 0. Co. (10) 





MATERIALS 


A—Aluminum and its alloys 
B—Ccpper and its alloys 





D—Magnesium and its alloys 
E—Nickel and its alloys 


KEY 


H—Zinc and its alloys 
J—Thermoplastics 


C—lIron and its alloys (except F—Steels K—Thermosetting plastics 
steel) w—Titanium and its alloys L—Elastomers 

BASIC FORMS 

1—Anodes 12—Rod 19—Fibers or filaments 
2—Bar 13—Sheet 20—Film 

3—Billets 14—Strip 21—Foams (component mate- 
7—Foll 17—Base resins, polymers or rials or products) 

8—Ingot gums 22—Mol!ding compounds 
9—Plate 18—Laminating or casting §23—Tube, nonmetallic (except 
10—Powder resins plastics or rubber) 
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MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


Illinois Minerals Co. (10) 

Industrial Tectonics, Inc. 

Ingram-Richardson, Inc. 

Kennametal, Inc. (4, 5, 10, 12) 

Knight, Maurice A. 

Knox Porcelain Corp. 

McDanel Refractory Porcelain Co. (9 
12, 23) 

Metal & Thermit Corp. 

Morganite Inc. 

Mycalex Corp. of America (12) 

Norton Co. 

Porcelain Enamel Finishers (12, 23) 

Porcelain Products, Inc. (23) 

Porter, H. K. Co., Inc. 

Quigley Co., Inc. 

Sauereisen Cements Co. (10) 

Saxonburg Ceramics (9, 10, 12, 23) 

Seaboard Refractories Co. 

Spruce Pine Mica Co., Inc. (9, 13) 

Square D Co., Molded Insulation Div. 

Stackpole Carbon Co. 

Star Porcelain Co. 

Steward, D. M. Mfg. Co. (12, 13, 23) 

Stupakoff Div., Carborundum Co. (10, 12, 19) 

Superior Steatite & Ceramic Corp. (12, 23) 

Thermal Refractories Corp. (9, 12, 23) 

Thermo Materials, Inc. (9, 12, 23, 13) 

U.S. Stoneware Co. (12, 23) 

Walsh Refractories Corp. 


CERMETS (see Ceramics) 


CHLOROSULFONATED POLY- 
ETHYLENE RUBBER 
du Pont de Nemours, E. I. & Co., Inc. 


CHLOROPRENE RUBBER 
(Neoprene) 

Adhesive Products Corp. (18) 

American Hard Rubber Co. (12 13, 14) 

American Rubber Products Corp. (21, 13, 
12, 14) 

Atlas Mineral Products Co. (13) 

Auburn Rubber Co., Inc. (13) 

Brown Rubber Co., Inc. (21) 

Chicago Rubber Co., Inc. (21, 22) 

Continental Rubber Works (22, 12, 13, 14) 

Coyne & Paddock, Inc. (13) 

du Pont de Nemours, E. I. & Co., Inc. (17) 

Foamade Industries (21) 

Geauga Industries Co. (22, 12, 14) 

Goshen Rubber Co. (22) 


Home Rubber Co. (22, 12, 13, 14) 

Johns-Manville Corp. (13) 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Parker, Stearns & Co., Inc. (13, 14) 

Raybestos-Manhattan, Inc. (12, 13, 14) 

Rogers Corp. (12, 13, 14, 21, 22) 

Roth Rubber Co. (22, 13) 

Rubatex Div., Great American Industries, Inc. 
(21) 

Standard Products Co. (22) 

Stockwell Rubber Co., Inc. (21, 22, 12, 13, 
14) 

Technical Specialties Co. (14) 

U.S. Stoneware Co. (22) 

Vulcanized Rubber & Plastics Co. (22) 


CHLOROTRIFLUOROETHYLENE 
(see Fluorocarbon) 


CHROMIUM 

Alloy Metal Powder, Inc. (10) 

American Nickel Alloy Mfg. Corp. (10) 

Belmont Smelting & Refining Works, Inc. 
(8, 10) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Foote Mineral Co. (10) 






Hardy, Charles, Inc. (10) 
Metal Hydrides Inc. (10) 
Metals Disintegrating Co., Inc. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Sel-Rex Corp. (1) 

Shieldalloy Corp. (10) 


CLAD METALS 
(key letters refer to base metal; see also 
Laminates, Metal-Metal) 

Allegheny Ludium Steel Corp. (F) 

Aluminum Co of America (A) 

American Silver Co., Inc. (B, C, E, F) 

Bart Mfg. Corp. (F) 

Bartlett-Thompson Co., Inc. (A, B, F) 

Borg-Warner Corp. (F) 

Darby Corp. (A, E, F) 

Electric Steel Foundry Co. (E, F) 

Electronic Parts Mfg. Co., Inc. (B) 

Enamel Products Co. (A, F) 

Fromson Orban Co., Inc. (C) 

General Alloys Co. (E, F) 

General Findings & Supply Co., Industrial 
Div. (B) 

General Plate Div., Metals & Controls Corp. 
a 6.C¢ 0, & FG W 

Improved Seamless Wire Co. (B, C, E) 

Kaiser Aluminum & Chemical Sales, Inc. (A) 

Kewaunee Engineering Corp. (C) 

Leach & Garner Co., Industrial Div. (B, 
E) 

Legion Utensils Co. (B, E, F) 

Lukens Steel Co. (B, E, F) 

McCarter Iron Works Inc. (F) 

Metal Goods Corp. (B, E, F) 

Parish Pressed Steel Div., Dana Corp. (A, F, 
H) 

Presswork Inc. (B) 

Republic Steel Corp. (F) 

Revere Copper and Brass, Inc. (A, B) 

Reynolds Metals Co. (A) 

Ryerson, Joseph T. & Son, Inc. (F) 

Seattle Boiler Works, Inc. (F) 

Sharpsville Steel Fabricators, Inc. (F) 

Somers Brass Co., Inc. (E) 

Superior Steel Corp. (B, E, F) 

Wickwire Spencer Steel Div., Colorado Fuel 
and Iron Corp. (F) 


COATINGS (see below; also Anodizers, 
Electroplaters, Precoated Metals, Pre- 
painted Metals, Preplated Metals) 


COATINGS, CHEMICAL 
CONVERSION (formulations) 

Allied Research Products, Inc. 

American Chemical Paint Co. _ 


American Cyanamid Co. 
Borden Co., Chemical Div. 


Chemical Corp. 

Colonial Alloys Co. 

Conversion Chemical Corp. 
Detrex Chemical Industries Inc. 
Diversey Corp. 

Enthone, Inc. 

General Plastics Corp. 
Gumm, Frederick Chemical Co., Inc. 
Heat Bath Corp. 

Hull, R. O. & Co., Inc. 
Kelite Corp. 

Metal & Thermit Corp. 
Mitchell-Bradford Chemical Co. 
Neilson Chemical Co. 
Northwest Chemical Co. 

Oakite Products, Inc. 

Panther Chemical Corp. 

Parker Rust Proof Co. 
Pennsalt Chemicals Corp. 


Turco Products, Inc. 


COATINGS, METALLIZED— 
METALLIZING WIRE 


Alloy Metal Wire Co., Inc. 


Alphaloy Corp., Div. of Alpha Metals Inc. 


Armco Steel Corp. 

Colonial Alloys Co 

Metallizing Engineering Co., Inc. 
Vandersee Corp. 

White Metal Rolling & Stamping Corp. 


COATINGS METALLIZED— 
SPRAY METALLIZERS 


Continental Boiler & Sheet Iron Works 
Hayden Wire Works, Inc. 

Jema Chemical & Supply Co. 
Metal-Cladding, Inc. 

Metallizing Co. of America 
Metallizing Engineering Co., Inc. 
Metalweld Inc. 

Schori Process Div., Ferro-co Corp. 
Superior Plating Inc. 

Tickle, Arthur Engineering Works, Inc. 
Wall Colmonoy Corp. 


COATINGS, METALLIZED— 
VACUUM METALLIZERS 


Adams Plastic Products 
Closures Inc. 

Coating Products 
Consolidated Electrodynamics Corp. 
Davis Products Corp. 

Eyelet Specialty Co. 

Hastings & Co., Inc. 
International Optical Co. 
Jema Chemical & Supply Co. 
Metallizing Co. of America 
Metaplast Process, Inc. 

Shelby Instrument Co. 
Sylvania Electric Products, Inc. 


COATINGS, ORGANIC 


(enamels, lacquers, etc.) 


Acorn Refining Co. 

Adelphi Paint & Color Works, Inc. 
Albi Mfg. Co., Inc. 

Allied Chemical & Dye Corp. 
Allsuede Products, Inc. 

Alpha Molykote Corp. 

Aluminum Finishing Corp. 
Amercoat Corp. 

American Cyanamid Co. 

American Luminous Products Co. 
American Products Mfg. Co., Inc. 
American Sand-Banum Co., Inc. 
American Solder & Flux Co. 
Arbonite Corp. 

Arco Co. 

Armitage, John L. & Co. 
Ashtabula Mfg. Co. 

Atech, Inc. 

Avondale Co. 

Barrett Varnish Co. 

Bishopric Products Co. 

Bisonite Co., Inc. 

Black Bear Co., Inc. 

Blaco Mfg. Co. 

Boatwright Paint & Varnish Works, Inc. 
Borden Co., Chemical Div. 

Both, 0. A. Corp. 

Bradley & Vrooman Co. 

Bradley Paint Co. 
Brewer-Titchener Corp. 

Brooklyn Paint & Varnish Co., Inc. 
Calbar Paint & Varnish Co. 
Campbell, A. S. Co., Inc. 

Capitol Chemical Co. 

Carboline Co. 

Ceilcote, Co., Inc. 

Central Paint & Varnish Works, Inc. 
Chemical Products Corp. 

Chicago Paints, Inc. 

Chicago Thrift-Etching Corp. 
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Columbus Dental Mfg. Co. 

Continental Products Co. 

Davis, H. B. Co. 

Day, James B. & Co. 

Debevoise Co. 

Dennis Chemical Co. 

DeSoto Paint & Varnish Co. 

Dip Seal Plastics, Inc. 

du Pont de Nemours, E. I. & Co., Inc. 

Duralac Chemical Corp. 

Earl Paint Corp. 

Eastern States Paint & Varnish Co. 

Egan and Hausman Co., Inc. 

Egyptian Lacquer Mfg. Co. 

Emjay Maintenance Engineers 

Felton, Sibley & Co., Inc. 

Fidelity Chemical Products Corp. 

Firestone Plastics Co. 

Flood Co. 

Forbes Finishes Div., Pittsburgh Plate Glass 
Co. 

Forman, Ford & Co. 

Foundry Rubber, Inc. 


Gates Engineering Co. 
General Electric Co. 
General Paint Corp. 
General Plastics Corp. 
Georgia Kaolin Co. 
Gillespie Varnish Co. 
Glidden Co. 

Globe Paint Works, Inc. 
Grand Rapids Varnish Corp. 
Grems Mfg. Co. 

Gusmer, A. Inc. 


Hanline Bros. 

Harrison Paint & Varnish Co. 
Hilo Varnish Corp. 

Hofford Varnish Co., Inc. 

Horn, A. C. Co., Inc. 
Houghton Laboratories, Inc. 
Houze Glass Corp. 


Industrial Metal Protectives, Inc. 
Interchemical Corp. 


Jamestown Finishes, Inc. 

Jamestown Paint & Varnish Co. 

Jasper Lacquer Co., Inc. 

Kano Laboratories 

Kepec Chemical Corp. 

Keystone Refining Co., Inc. 

Knight, Maurice A. 

Lacquer & Chemical Corp. 

Lacquer Products, Inc. 

Landau, J. & Co., Inc. 

Lithcote Corp. 

Lockrey-Fater Corp. 

Logo, Inc. 

Longview Paint & Varnish Co. 

Lowe Bros. Co. 

Maas & Waldstein Co. 

Magic Chemical Co. 

Martin Varnish Co. 

Master Bronze Powder Co., Inc. 

McDougall Butler Co., Inc. eS) 

Mearl Corp. 

Merix Chemical Co. 

Merkin, M. J. Paint Co., Inc. 

Metal & Thermit Corp. 

Michigan Chrome & Chemical Co. 

Midland Adhesive & Chemical Corp. 

Midland Industrial Finishes Co. 

Midland Paint & Varnish Co. 

Minnesota Mining & Mfg. Co., Adhesives & 
Coatings Div. 

Minnesota Platon Corp. 

Missouri Paint & Varnish Co. 

Mobile Paint Mfg. Co., Inc. 

Modern Plating Corp. 

Monroe Co., Inc. 

Monroe, Lederer & Taussig, Inc. 

National Mfg. Corp. 

National Paint Products, Inc. 

National Polymer Products, Inc. 

Naugatuck Chemical Div., U.S. Rubber Co. 

Nikolas, G. J. & Co., Inc. 

Nukem Products Corp. 


Supplier 
Materia 
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Paisley Products, Inc., Div. of Morningstar, 
Nicol, Inc. 

Paramount Paint & Lacquer Co. 

Parker Paint Mfg. Corp. 

Parr Paint & Color Co. 

Patterson-Sargent Co. 

Payson Corp. 

Perry-Austen Mfg. Co. 

Pierce & Stevens Chemical Corp. 

Pierce, F. 0. Co. 

Polymer Chemical Co. 

Pratt & Lambert, Inc. 

Prisma Products Corp. 

Quigley Co., Inc. 

Randolph Products Co. 

Raybestos-Manhattan, Inc. 

Reliance Varnish Co. 

Reynolds Chemical Products, Inc. 

Riegel Paper Corp. 

Rinshed-Mason Co. 

Rust-Oleum Corp. 

Sauereisen Cements Co. 

Schori Process Div., Ferro-co Corp. 

Sealube Co. 

Seaporcel Metals, Inc. 

Sheffield Bronze Paint Corp. 

Sherwin-Williams Co. 

Spraylat Corp. 

Spring Packing Corp. 

Stanley Chemical Co. 

Steel Protection & Chemical Co., Inc. 

Steelcote Mfg. Co. 

Subox, Inc. 

Superior Paint & Lacquer Works 

Tect, Inc. 

Thermal Refractories Corp. 

Thompson & Co. 

Tousey Varnish Co. 

Union Chemical Corp. 

Valvoline Oil Co., Div. of Ashland Oil & 
Refining Co. 

Vanguard Paints and Finishes, Inc. 

Vulcan Varnish Co. 

Western Coating Co. 

Westinghouse Electric Corp. 

X-Pando Corp. 

Zophar Mills, Inc. 


COATINGS, ORGANIC— 
FINISHERS 


Arbonite Corp. 

Bishopric Products Co. 

Caspers Tin Plate Co. 

Coated Coil Corp. 

Cohan Epner Co., Inc. 

Colonial Alloys Co. 

Cordo Chemical Corp. 

Gates Engineering Co. 

Magic Chemical Co. 

Metalweld Inc., Protective Coating Div. 
Met-L-Wood Corp. 

Michigan Chrome & Chemical Co. 
Polacoat Inc. 

Schori Process Div., Ferro-co Corp. 


COATINGS, STRIPPABLE 

Adhesive Products Corp. 

American Latex Products Corp. 

Atlas Mineral Products Co. 

Babbitt Chemical Co. 

Bakelite Co., Div. of Union Carbide 
Corp. 

Belding-Corticelli Industries 

Better Finishes & Coatings Inc. 

Bischoff Chemical Corp. 

Bisonite Co. 

Borden Co. 

Carboline Co. 

Carey Philip Mfg. Co. 

Chemical Products Corp. 

Commercial Chemical Co. 

Daubert Chemical Co. 

Dennis Chemical Co. 

Dow Chemical Co. 


374 ¢« MATERIALS IN DESIGN 


Fine Organics Inc. 

Frost Paint & Oil Corp. 

George, P. D. Co. 

Glidden Co. 

Globe Imperial Corp., Plastic-Seal Div. 

Houghton, E. F. Co. 

Jones Dabney Co. 

Koster-Keunen Mfg. Co., Inc. 

Metal & Thermit Corp. 

Michelman Chemicals, Inc. 

Midland Adhesive & Chemical Corp. 

Minnesota Mining & Mfg. Co. 

Munray Products Inc., Div. of Fanner Mfg. 
Co. 

Nikolas, G. J. & Co., Inc. 

Octagon Process, Inc. 

Paisley Products Inc. 

Pierce & Stevens Chemical Corp. 

Polyken Sales Div., Kendali Co. 

Polymer Chemical Co. 

Presstite-Keystone Engineering Products Co. 

Protective Treatments Inc. 

Puritan Co., Inc. 

Pyramid Plastics Inc. 

Spraylat Corp. 

Texas Plastic Development Corp. 

Thompson & Co. 

U.S. Rubber Co. 

Valvoline Oil Co., Div. of Ashland Oil & Re- 
fining Co. 

Watson Standard Co., Industrial Safety Prod- 
ucts Div. 

Xylos Rubber Co. 

Zophar Mills Inc. 


COATINGS, VITREOUS— 
ENAMELERS, 


Allianceware, Inc. 

American Valve & Enameling Corp. 
Atlas Enameling Co., Inc. 

Bally Metal Products, Inc. 
Barrows Porcelain Enamel Corp. 
Benjamin Electric Mfg. Co. 
Bettinger Corp. 

Bulwark Corp. of America 
California Metal Enameling Co. 
Caloric Appliance Corp. 

Century Vitreous Enamel Co. 
Challenge Stamping & Porcelain Co. 
Cleveland Porcelain Enameling Co. 
Crane Steelware Ltd. 

Edna Lite Optical Co., Inc. 

Emco Porcelain Enamel Co. 
Enamel Products Co. 

Erie Ceramic Arts Co. 

Erie Enameling Co. 

Ervite Corp. 

Ferro Enameling Co. 

Fletcher Enamel Co. 

Frenchtown Porcelain Co. 
Geuder, Paeschke & Frey Co. 
Hayden Wire Works Inc. 

Heintz Mfg. Co. 

Houston Porcelain Enameling Co. 
Independence Stove & Mfg. Co. 
Ingersoll Products Div., Borg-Warner Co. 
Ingram-Richardson, Inc. 
Ingram-Richardson Mfg. Co. 
Jeannette Shade & Novelty Co. 
Jones Metal Products Co. 

Kaiser Metal Products, Inc. 
Lancaster Glass Corp. 

Lansdale Porcelain Enamel Corp. 
Pittsburgh Plate Glass Co. 
Porcelain Enamel Finishers 
Pyrosil, Inc. 

Rheem Mfg. Co. 

Rutenber Electric Co. 

Seaholtz, J. M. & Sons, Inc. 
Seaporcel Metals, Inc. 

Smith, A. 0. Corp. 
Smoot-Holman Co. 

Southwestern Porcelain Steel Corp. 
Temco, Inc. 
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Tennessee Stove Works 

Texlite, Inc. 

U.S. Plywood Corp, 

U.S. Porcelain Enamel Co. 

U.S. Stoneware Co., Alite Div. 
Vitreous Steel Products Co. 
Wolverine Porcelain Enameling Co. 


COATINGS, VITREOUS— 
FRITS AND FORMULATIONS 


Beryl Ores Co. 

Ceramic Color and Chemical Mfg. Co. 
Chicago Vitreous Corp. 

du Pont de Nemours, E. I. & Co., Inc. 
Ferro Corp. 

Georgia Kaolin Co. 

Harshaw Chemical Co. 

Hommel, 0. Co. 

Ingram-Richardson, Inc. 

Metallizing Engineering Co., Inc. 
Norton Co. 

Pemco Corp. 

Pyrosil, Inc. 

Thermal Refractories Corp. 


COATINGS AND SURFACES FOR 
METALS, HARD (see also Anodizers; 
Electropiaters; Hard Facing Alloys; Coat- 
ings, Vitreous; and Coatings, Metallized) 


Calorizing Co. 

Chromalloy Corp. 

Electrolizing Corp. 

Kanigen Div., General American Transporta- 
tion Corp. 

Linde Air Products, Div. of Union Car- 
bide Corp. 

Van der Horst Corp. 


COBALT AND ITS ALLOYS 

Alloy Metal Powders, Inc. (10) 

American Nickel Alloy Mfg. Corp. (8) 

Belmont Smelting & Refining Works, Inc. 
(10) 

Crobalt, Inc. (1, 8, 12) 

Driver, Wilbur B. Co. (12, 14) 

Driver-Harris Co. (12, 14) 

Elgin National Watch Co. (3, 12, 14) 

General Plate Div., Metals & Controls Corp. 
(7, 14) 

Hardy, Charles, Inc. (10) 

Haynes Stellite Co., Div. of Union Carbide 
Corp. (2, 9, 12, 13, 14) 

Hoskins Mfg. Co. (12, 14) 

Metal Hydrides, Inc. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc 
(7, 8) 

Vacuum Metals Corp., Div. Crucible Steel 
Co. of America (2, 3, 8, 9, 13, 14) 

Wall Colmonoy Corp. (10, 12) 


COLD HEADED PARTS 

Acme Machine Products Div., Serrick Corp. 
(B, F, H) 

Allmetal Screw Products Co., Inc. (E, F, G) 

Anti-Corrosive Metal Products Co., Inc. (F) 

Armco Steel Corp., Sheffield Div. (F) 

Art Wire & Stamping Co. (A, B, C, D, E, 
F, G, H) 

Champion Rivet Co. (C, F) 

Chase Brass & Copper Co. (B) 

Chicago Rivet & Machine Co. (A, C, F) 

Cincinnati Pump & Mfg. Co., Inc. (F) 

Clark Bros. Bolt Co. (A, B, C, F) 

Clendenin Bros. Inc. (A, B, C) 

Columbus Bolt & Forging Co. (A, B, F) 

Elco Tool and Screw Corp. (A, B, C, F) 

Etched Products Corp. (A) 

General Findings & Supply Co., Industrial 
Div. (B) 

Gibson Electric Co. (E) 

Greene, G. G. Corp. (F) 

















Grip Nut Co. (A, B, F) 

Harper, H. M. Co. (A, B, E, F) 

Hassall, John Inc. (A, B, C, E, F, H) 

Hercules Fastener Co. (A, B, C, F, H) 

Huck Mfg. Co. (A, F) 

McKinney Mfg. Co. (A, B, C, D, E, F) 

Milford Rivet & Machine Works (A, B, F) 

Murray Tube Works, Inc. (A, B, F) 

Mutual Screw & Supply Corp. (A, B, C, F) 

Reed & Prince Mfg. Co. (A, B, C, F) 

Republic Steel Corp. (F) 

Russell, Burdsall & Ward Bolt and Nut Co. 
(A, B, F) 

Scovill Mfg. Co. (A, B) 

Shakeproof Div., Illinois Tool Works (A, B, 
F) 

Torrington Co. (A, F) 

Tubular Rivet and Stud Co. (A, B, C, E, F) 

Union Screw & Mfg. Co. (A, F) 

Western Automatic Machine Screw Co. (A, 
B, F) 


COLUMBIUM AND ITS ALLOYS 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (2, 8, 10, 12) 

Fansteel Metallurgical Corp. 
10, 12, 13, 14) 

Kennametal, Inc. (10) 

Metal Hydrides, Inc. (10) 

Shieldalloy Corp. (10) 


(2, 8, 9, 


COMPRESSION MOLDINGS 
(see Moldings) 


COPPER AND ITS ALLOYS 

Ajax Metal Div., H. Kramer & Co. (8) 

Alpha Metals, Inc. (7) 

American Brass Co. (12, 13) 

American Manganese Bronze Co. (2, 12) 

American Metal Co., Ltd. (1, 2, 3, 8, 10) 

American Nickel Alloy Mfg. Corp. (8) 

American Silver Co. (7, 14) 

American Smelting & Refining Co., Continu- 
ous Cast Products Dept. (2) 

Ampco Metal, Inc. (2, 8, 9, 12, 13, 14) 

Avril, G. A. Co. (8) 

Barth Smelting Corp. (8) 

Bay State Refining Co., Inc. (8) 

Belmont Smelting & Refining Works, Inc. (1, 
8, 10) 

Beryllium Corp. (2, 3, 7, 8, 10, 12, 14) 

Bohn Aluminum & Brass Corp. (2, 8, 12) 

Both, 0. A. Corp. (10) 

Bridgeport Brass Co. (9, 12, 13, 14) 

Bridgeport Rolling Mills Co. (13, 14) 

Bristol Brass Corp. (1, 2, 3, 7, 9, 12) 

Brush Beryllium Co. (2, 3, 8, 9, 14) 

Bullock, W. J. Inc. (8) 

Chase Brass & Copper Co., Inc. (1, 2, 9 
12, 13, 14) 

Chicago Extruded Metals Co. (12) 

Driver, Wilbur B. Co. (12, 14) 

Driver-Harris Co. (12, 14) 

Electric Materials Co. (1, 2, 12) 
Federated Metals Div., American Smelt- 
ing and Refining Co. (1, 2, 3, 8) 
General Plate Div., Metals & Controls Corp. 


(7) 

Glidden Co. (10) 

Grand Rapids Brass Co. (9) 

Greenback Industries, Inc. (10) 

H & H Tube & Mfg. Co. (14) 

Hardy, Charles Inc. (10) 

Harris, Benjamin & Co. (8) 

Hayden Wire Works, Inc. (12) 

Hettleman, K. & Sons, Inc. (6) 

Hommel, 0. Co. (10) 

Hoskins Mfg. Co. (12, 14) 

Hussey, C. G. & Co., Div. of Copper Range 
Co. (1, 2, 7, 9, 12, 13, 14) 

Inspiration Consolidated Copper Co. (1, 2, 3) 

Instrument Specialties Co., Inc. (14) 

Laminated Shim Co. (13) 


Langsenkamp, F. H. Co. (2, 9, 12, 13, 14) 






Lavin, R. & Sons, Inc. (1, 8) 

Leach & Garner Co., Industrial Div. 
(14) 

Lewin-Mathes Co. (12) 

Loewenthal Metals Corp. (8) 

Magna Mfg. Co., Inc. (10) 

Mallory, P. R. & Co., Inc. (2, 9, 12, 13, 14) 

Malone Bronze Powder Works, Inc. (10) 

Malone Metal Powders, Inc. (10) 

McGean Chemical Co. (1) 

Metal & Thermit Corp. (1) 

Metals Disintegrating Co., 

Miller Co. (13) 

Mueller Brass Co. (12) 

New England Brass Co. (1, 2, 12, 13, 14) 

New England Smelting Works, Inc. (8) 

New Haven Copper Co. (1, 9, 13, 14) 

New Jersey Metals Co. (1) 

New Jersey Zinc Co. (10) 

Niagara Falls Smelting & Refining Div., 
Continental Copper & Steel Industries 
Inc. (7, 8) 

Olin Mathieson Chemical Corp. (13) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Phelps Dodge Copper Products Corp. (14) 

Phelps Dodge Refining Corp. (1, 2) 

Plume & Atwood Mfg. Co. (13, 14) 

Revere Copper and Brass, Inc. (1, 2, 7, 9, 
12, 13, 14) 

Rigidized Metals Corp. (13, 14) 

Riverside Metal Alloy Div., H. K. Porter Co., 
Inc. (2, 12, 13, 14) 

Schumann, I. & Co. (8) 

Scovill Mfg. Co. (12, 13, 14) 

Sel-Rex Corp. (1, 10) 

Seymour Mfg. Co. (1, 12, 13, 14) 

Sipi Metals Corp. (8) 

Somers Brass Co., Inc. (14) 

Sonken-Galamba Corp. (8) 

Stamford Rolling Mills Co. (13) 

Thinsheet Metals Co. (13) 

Titan Metal Mfg. Co. (2, 12) 

U.S. Bronze Powder Works, Inc. (10) 

U.S. Metal Products Co. (8) 

Universal Castings Corp. (8) 

Utility Mfg. Co. (2, 12) 

Vacuum Metals Corp., Div. Crucible Stee! Co. 
of America (2, 3, 8, 9, 13, 14) 

Volco Brass & Copper Co. (13) 

Wall Colmonoy Corp. (10) 

Waterbury Rolling Mills, Inc. (14) 

Whitehead Metal Products Co., Inc. (9, 
12, 13, 14) 


Inc. (10) 


CORDIERITE (see Ceramics) 


CORK 

Armstrong Cork Co. 
Hollingsworth & Vose Co. 
Spring Packing Corp. 

United Cork Companies 


CORRUGATED METALS 

Acorn Iron & Supply Co. (A, F) 

Aetna Steel Co. (F) 

Albert Pipe Supply Co., Inc. (F) 

American Sheet Metal Works, Inc. (A, F) 

Armco Steel Corp. (C, F) 

Bethlehem Steel Co. (F) 

Cartwright, R. Tube Products Co. (A) 

Clendenin Bros. Inc. (A) 

Conner Mfg. Co. (C) 

Guilfoy Cornice Works (A, C) 

Hussey, C. G. & Co., Div. of Copper Range 
Co. (B) 

Illinois Zinc Co., 
(H) 

Inland Stee! Co. (F) 

Johnson Metal Hose, Inc. (B, E, F) 

Kaiser Aluminum & Chemical Sales, Inc. (A) 

Levinson Steel Co. (A, F) 

Lincoln Steel Corp. (F) 

Matthiessen & Hegeler Zinc Co. (H) 

McNally Pittsburg Mfg. Co. (A, F) 


Div. of Hydrometals, Inc. 
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Metal Goods Corp. (A) 

Missouri Boiler & Sheet Iron Works (C, F) 

New York Iron Roofing & Corrugating Co., 
Inc. (A, F) 

Powell Pressed Steel Co. (A, F) 

Republic Steel Corp. (C, F) 

Reynolds Metals Co. (A) 

Ryerson, Joseph T. & Son, Inc. (A, F) 

U.S. Steel Corp. (F) 

Ward, H. H. Co. (A, F) 

Whitehead Metal Products Co., 


(A, B) 


inc. 


CUPRO-NICKEL (see Copper) 


DIALLYL PHTHALATE (DAP) 

Durez Plastics Div., Hooker Electro- 
chemical Corp. (22) 

Formica Corp. (12, 13, 14) 

Interchemical Corp. (17, 18, 22) 

Mesa Plastics Co. (22) 

Ohio Apex Div., Food Machinery & Chemical 
Corp. (17) 

Reichhold Chemicals, Inc. (17, 18) 

Synthane Corp. (13) 


DIE CASTINGS (see Castings) 


DRAWN METAL PARTS 
(see Formed Metal Shapes) 


DROP FORGINGS (see Forgings) 


DUCTILE IRON (see Iron) 


ELECTROPLATERS 
Acme Plating Co. 

Allied Research Products, Inc. 
American Emblem Co., Inc. 
American Nickeloid Co. 

Apollo Metal Works 

Atlantic Brass Works, Inc. 
Bethlehem Steel Co. 
Brewer-Titchener Corp. 
Campbell, A. S. Co., Inc. 

City Plating Works, Inc. 

Cohan Epner Co., Inc. 

Colonial Alloys Co. 

Columbus Dental Mfg. Co. 

Dalic Metachemical Ltd. . 
Edna Lite Optical Co., Inc. 
Industrial Chromium Corp. 

K & L Plating Co. 

Lakeland Industries 

Master Chrome Service Inc. 
Mechanical Plating Co. 

Medico Industries, Inc. 
Michigan Chrome & Chemical Co. 
Modern Plating Corp. 

Olean Electrc Plating Co. 
Republic Steel Corp. 

Semon Bache & Co. 

Steel Protection & Chemical Co., Inc 
Thermo Materials, Inc. 

Van der Horst Corp. 

Wayne Foundry & Stamping Co. 
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Suppliers 
Materials 





EMBOSSED METALS (incl rigidized) 
American Nickeloid Co. (A, B, F, H) 
Auld, D. L. Co. (A, B) 

Colonial Alloys Co. (A, B, D, E, F, G, H) 
Cooley, W. J. & Co. (A, B, F) 

Electric Steel Foundry Co. (F) 

Fairmont Aluminum Co. (A) 

Falstrom Co. (A, B, C, D, F) 

Grammes, L. F. & Sons, Inc. (A, B, F) 
Hawkridge Bros. Co. (A) 

Langsenkamp, F. H. Co. (A) 
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Suppliers of Materials 


Mahon, R. C. Co. (A) 

McKinney Mfg. Co. (A, B, D, E, F) 

Metal Goods Corp. (A, B, E, F) 

Morse, Fred W. Co. (A, B, C, F) 

Parker Metal Goods Co. (A, F) 

Premier Metal Works, Inc. (A, B, E, F) 

Republic Stee! Corp. (F) 

Reynolds Metals Co. (A) 

Rigidized Metals Corp. (A, B, F, G) 

Whitehead Metal Products Co., Inc. 
(A, B, E, F) 

Wilson-Hurd Mfg. Co., Inc. (A) 


EPOXIES 

Adhesive Products Corp. (18) 

Angier Adhesives, Div. of Interchemi- 
cal Corp. (18) 

Armstrong Products Co. (18) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 18, 22) 

Biggs, Carl H. Co., Inc. (12, 13) 

Bisonite Co., Inc. (18) 

Borden Co., Chemical Div. (17, 18) 

Cadillac Plastic & Chemical Co. (18, 12, 13, 
14) 

Ciba Co. Inc., Plastics Div. (17, 18) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Dennis Chemical Co. (18) 

Formica Corp. (12, 13, 14) 

Foss Mfg. Co., Plastics Div. (18) 

Furane Plastics Inc. (18, 22) 

Glo-Brite Products, Inc. (21) 

Hardman, H. V. Co., Inc. (18) 

Jones-Dabney Co. (17, 18, 21) 

Marblette Corp. (18, 21) 

Minneapolis-Honeywell Regulator Co. (18, 
21, 22) 

Minnesota Mining & Mfg. Co. (18, 19, 22, 
12, 13) 

National Vulcanized Fibre Co. (13) 

New England Laminates Co., Inc. (13) 

Northern Plastics Corp. (13, 14) 

Ohio Adhesives Corp. (18) 

Philrus Products Co. (12, 13, 14) 

Pyrosil, Inc. (18, 13) 

Reichhold Chemicals, Inc. (17, 18) 

Ren Plastics Inc. (17, 18) 

Rezolin, Inc. (18) 

Rogers Corp. (22) 

Schwartz Chemical Co., Inc. (18) 

Shell Chemical Corp. (17) 

Strick Plastics Co. (21, 13) 

Synthane Corp. (12, 13, 14) 

Taylor Fibre Co. (13) 


ETHYL CELLULOSE 

Adhesive Products Corp. (18) 

American Hard Rubber Co. (12) 

— Molding Powder & Chemical Co. 

American Products Mfg. Co., Inc. (20) 

Anchor Plastics Co., Inc. (12, 14) 

Bamberger, Claude P. Inc. (22) 

Carroll, J. B. Co. (13) 

Chicago Molded Products Corp., Campco Div. 
(28, 13) 

Dow Chemical Co. (22, 12, 13) 

Falge Engineering Corp. (20) 

Gering Products, Inc. (22, 12, 14) 

Glass Laboratories (12, 14) 

H & R Industries (12, 13, 14) 

Hercules Powder Co. (17, 22) 

Hydrawlik Co. (12, 14) 

Industrial Plastics Corp. (12, 14) 

KSH Plastics, Inc. (12, 13, 14) 

Muehistein, H. & Co., Inc. (22) 

Nixon Nitration Works (12, 13) 

Omni Products Corp. (22, 12, 13) 

Perfex Plastics, Inc. 12, 14) 

Pyramid Plastics, Inc. (14) 

Schwab Plastics Corp. (12, 14) 


Bold face indicates supplier advertises product in this issue 


Simon Products Co. (20) 
Southern Plastics Co. (20, 12, 13, 14) 
World Plastex (12, 13, 14) 


EXPANDED METALS 

American Sheet Metal Works, Inc. (A, F) 

Colonial Alloys Co. (A, B, D, E, F, G, H) 

Designers Metal Corp. (A, B, C, E, F) 

Evans, George Corp. (A) 

Flexonics Corp. (F) 

Haven-Busch Co. (F) 

Hawkridge Bros. Co. (A) 

Hazledine, E. T. Co (F) 

Houston Blow Pipe & Sheet Metal Works (F) 

Levinson Steel Co. (A, F) 

Metal Goods Corp. (A, B, E, F) 

Republic Steel Corp. (F) 

Ryerson, Joseph T. & Son, Inc. (A, F) 

Trojan Steel Co. (F) 

U.S. Gypsum Co. (A, F) 

Vulcan Rail & Construction Co. (F) 

Ward, H. H. Co. (F) 

Whitehead Metal Products Co., Inc. (A, 
B, E, F) 

Whyte, Oliver Co., Inc. (A, F) 


EXTRUSIONS 
(see below; also Impact Extrusions, Tubing) 


EXTRUSIONS, METALLIC 
(excl Tubing, Pipe) 

Accurate Metal Weather Strip Co., Inc. (A, 
B) 

Allegheny Ludlum Steel Corp. (F) 

Aluminum Co. of América (A, D) 

Aluminum Extrusions, Inc. (A) 

American Brass Co. 

American Machine & Foundry Co. (F, G) 

American Reed Co., Inc. (D) 

Ampco Metal, Inc. (B) 

Auld, D. L. Co. (A) 

B & T Metals Co. (A) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div. (C, F, G) 

Beck, I. & Sons, Inc. (A, B) 

Belmont Aluminum Extrusion Co. (A) 

Benada Aluminum Products Co. (A) 

Bohn Aluminum & Brass Corp. (A) 

Bossert Div., Rockwell Spring and 
Axle Co. (F) 

Bridgeport Brass Co. (A, G) 

Brinkerhoff Brass & Bronze Works, Inc. (A, 
B) 

Chase Brass & Copper Co. (B, G) 

Clendenin Bros. Inc. (A, B) 

Columbus Bolt & Forging Co. (A, B, F) 

Craft Mfg. Co. (A, B, C, D, E, F, G, H) 

Curtiss-Wright Corp. (F, G) 

Cyril Bath Co. (A, G) 

Detroit Casket & Mfg. Co., Extruded Metals 
Div. (A) 

Dixie Aluminum Corp. (A) 

Dixie Bronze Co. (B) 

Dominion Magnesium, Ltd. (D) 

Dow Chemical Co. (D) 

Empire Aluminum Co. (A) 

Etched Products Corp. (A) 

Eureka Electrical Products Co. (B) 

Flynn, Michael Mfg. Co. (A) 

Frasse, Peter A. & Co., Inc. (A, F) 

Fromson Orban Co., Inc. (A) 

Fuller, W. P. & Co. (H) 

General Extrusions, Inc. 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A, F, G) 

Hawkridge Bros. Co. (A) 

Himmel Bros. Co. (A) 

Hokin Aluminum Co. (A) 

Hunter Douglas Aluminum Corp. (A, B) 

Jari Extrusions Co. (A) 

Jasco Aluminum Products Co. (A) 
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Jones & Laughiin Steel Corp. (F) 

Kaiser Aluminum & Chemical Sales, Inc. (a) 

Kawneer Co. (A) 

Kidd Drawn Steel Co. (F) 

Kroh Wagner (A) 

Light Metals Corp. (A) 

Metal Goods Corp. (A) 

Metal Trims, Inc. (A) 

Monarch Tool & Mfg. Co. (A) 

National Aluminum Co. (A) 

New Jersey Aluminum Extrusion Co., Inc 
(A) 

Olin Mathieson Chemical Corp. (A) 

Parish Pressed Steel Div., Dana Corp. (F) 

Penn Brass & Copper Co. (A) 

Penn Extrusion Corp. (A) 

Pfister Aluminum Corp. (A) 

Phelps Dodge Copper Products Corp. (B) 

Precision Extrusions, Inc. (A) 

Republic Steel Corp. (F) 

Revere Copper & Brass, Inc. (A, B) 

Reynolds Metals Co. (A) 

Scovill Mfg. Co. (B) 

Southern Extrusions Co. (A) 

Stainless Metals, Inc. (F) 

Steel Industries, Inc. (B, F) 

Superior Industries, Inc. (A) 

Titan Metal Mfg. Co. (B) 

Titanium Metals Corp. of America (G) 

Toledo Stamping & Mfg. Co. (A, F) 

Trim Alloys, Inc. (A) 

U.S. Extrusions Corp. (A) 

U.S. Steel Corp. (F) 

Vulcan Metal Products, Inc. (A) 

Vulcan Rail & Construction Co. (A) 

W. F. Mfg. Co. (A) 

Wells Aluminum Products Co. (A) 

Werner, R. D. Co., Inc. (A) 

White Metal Rolling & Stamping Corp. (D) 

Whitehead Metal Products Co., Inc. (A 
B, E) 

Wolverine Tube Div., Calumet & Hecla, Inc 
(A) 

Woodlin Metal Products Co. (A) 

Worcester Pressed Steel Co. (A, F) 

Youngstown Kitchens Div., American Stand- 
ard Co. (F) 

Youngstown Mfg., Inc. (A) 





EXTRUSIONS, NONMETALLIC 
(excl Tubing, Pipe) 


Ace Plastic Co. (J) 

Allegheny Plastics, Inc. (J) 

Amco Plastic Pipe Co. (J) 

American Agile Corp. (J) 

American Hard Rubber Co. (J, K, L) 

American Molding Co. (J) 

American Plastics Corp. (J) 

Anchor Plastics Co., Inc. (J) 

Anesite Co. (J) 

Atlas Mineral Products Co. (J) 

Bond International Inc. (L) 

Bowling Green Rubber Co. (L) 

Brown Rubber Co., Inc. (L) 

Button Corp. of America (J) 

Cadillac Plastic &. Chemical Co. (J) 

Chardon Rubber Co. (J) 

Colonial Plastics Mfg. Co. (J) 

Conneaut Rubber & Plastics Co. (J, L) 

Connecticut Hard Rubber Co. (L) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., Div. of 
Budd Co. (J) 

Contour Extrusion Co. (J) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Eberhard Faber Pencil Co. (L) 

Extruder, Inc. (J) 

Frost Rubber Co. (L) 

Geauga Industries Co. (J, L) 

General American Transportation Corp. (J) 

General Plastics Corp. (J) 

Gering Products, Inc. (J) 

Glass Laboratories (J) 

Goodrich, B. F. Industrial Products Co. (J) 











Gotham Plastics Corp. (J) 

H & R Industries (J) 

Hall Mfg. Corp. (J) 

Hartwell, H. N. & Son, Inc. (J) 

Hawkeye Rubber Mfg. Co. (J) 

Hewitt-Robins, Inc. (L) 

Hungerford Plastics Corp. (L) 

Hydrawlik Co. (J, L) 

Industrial Plastics Corp. (J) 

Irvington Chemical Co. (J) 

Irvington Varnish & Insulator Div., Minnesota 
Mining & Mfg. Co. (J) 

Jet Specialties Co., Inc. (J) 

Johnson Plastic Corp. (J, L) 

Johnson Rubber Co. (L) 

Joymont Plastics, Inc. (J) 

Judsen Rubber Works, Inc. (L) 

KSH Plastics, Inc. (J) 

Kaykor Industries, Inc. (J) 

Keystone Plastics, Inc. (J) 

Kraloy Plastic Pipe Co., Inc. (J) 

Luminous Resins, Inc. (J) 

Luzeane Rubber Co. (L) 

Mayon Plastics (J) 

Mechanical Rubber Products Co. (K) 

Meyer, J. & Sons, Inc. (J) 

Mid-States Rubber Products, Inc. (L) 

Midwest Plastic Products Co. (J) 

Minnesota Rubber & Gasket Co. (L) 

Moldex (L) 

National Tube Div., U.S. Steel Corp. (J) 

National Vulcanized Fibre Co. (J) 

New England Tape Co., Inc. (J) 

Panelyte Div., St. Regis Paper Co. 

Parker, Stearns & Co., Inc. (L) 

Pawling Rubber Co. (J) 

Perfex Plastics, Inc. (J) 

Plastex Co. (J) 

Plastic Packaging Co. (J) 

Plastic Process Co., Inc. (J) 

Poly Plastic Products, Inc. (J) 

Polyform Plastics Corp. (J) 

Polymer Corp. (J) 

Prima Pipe Co. (J) 

Prince Rubber Co., Inc. (J, L) 

Pyramid Plastics, Inc. (J, L) 

Quaker Rubber Div., H. K. Porter Co. (J, L) 

Raybestos-Manhattan, Inc. (K, L) 

Reliance Plastic & Chemical Corp. (J) 

Resin Industries (J) 

Resistoflex Corp. (J) 

Rex Corp. (J) 

Robot Devices Inc. (J) 

Rogers Corp. (L) 

Rowland Products, Inc. (J) 

Schwab Plastics Corp. (J, L) 

Seamless Rubber Co. (L) 

Shamban, W. S. & Co. (J) 

Southern Plastics Co. (J) 

Stalwart Rubber Co. (L) 

Standard Products Co. (L) 

Stockwell Rubber Co., Inc. (L) 

Sun Rubber Co. (L) 

Sunlite Plastics, Inc. (J) 

Supplex Co., Div. of American Hard Rubber 
Co. (J, L) 

Technical Specialties Co. (L) 

Tri-Point Mfg. & Developing Co. (J) 

U.S. Gasket Co. (J) 

U.S. Rubber Co., Mechanical Goods Div. (J) 

U.S. Stoneware Co. (J) 

Victory Plastics Co. (J) 

Vogt Mfg. Corp. (J) 

Vulcanized Rubber & Plastics Co. (L) 

Westlake Plastics Co. (J) 

World Plastex (J, L) 


FABRICS, 
NONWOVEN SYNTHETIC 


American Felt Co. 
Chicopee Mills, Inc. 
Dexter, C. H. & Sons, Ine. 
Feiters Co. 

Filpaco Industries, Inc. 
Kendall Mills, Inc. 






Troy Blanket Mills 

U.S. Plywood Corp. 

Visking Corp., Fabrics Div. 

Wellington Sears Co., Sub. of West Point 
Mfg. Co. 


FELTS, SYNTHETIC (see Fabrics) 


FELTS, WOOL 


Aetna Felt Co. 

Allied Felt Corp. 

American Felt Co. 

Artex Felt Co. 

Bacon Felt Co. 

Beckmann, Inc. 

Boston Felt Co. 

Central Felt & Fabrics Corp. 

Coated Abrasive Products, Inc. 

Continental Felt Co. 

Felters Co. 

Fidelity Felt & Mfg. Co. 

Filpaco Industries, Inc. 

Mechanical Felt & Textiles Co. 

National Felt Co. 

Quaker City Felt Co. 

Standard Asbestos Mfg. Co. 

Standard Felt Co., Div. of Huntington Land 
and Improvement Co. 

Supreme Industrial Products Co. 

Western Felt Co. 


FERRITES (see Ceramics) 


FIBERS, SYNTHETIC 
(see specific polymer) 


FILM (see specific plastic or rubber) 


FLUOROCARBON PLASTICS 


Acme Resin Corp. (17) 

Allegheny Plastics, Inc. (12, 13, 14) 

Allied Chemical and Dye Corp., 
Chemical Div. (17) 

Auburn Plastic Engineering Co. (12, 13, 14) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 22) 

Bamberger, Claude P. Inc. (22) 

Cadillac Plastic & Chemical Co. (20, 12, 13, 
14) 

Dixon Corp. (12, 13, 14) 

du Pont de Nemours, E. 1. & Co., Inc. 
(17, 19, 22) 

Firestone Plastics Co. (17) 

H & R Industries (20, 12, 14) 

Minnesota Mining & Mfg. Co. (22) 

Polymer Corp. (20, 12, 13, 14) 

Raybestos-Manhattan, Inc., Plastic Products 
Div. (12, 13, 14) 

Resistoflex Corp. (12, 13) 

Shamban, W. S. & Co. (12, 13, 14) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (20, 21, 12, 13, 14) 

Thombert, Inc. (20, 12, 13, 14) 

Tri-Point Mfg. & Developing Co. (12) 

U.S. Gasket Co., Div. of Garlock Packing Co. 
(2, 9, 12) 

U.S. Stoneware Corp. (13) 

Visking Co., Plastics Div. (20) 

Westlake Plastics Co. (12, 13, 14, 20) 


General 


FLUOROCARBON RUBBER 
(Fluoroelastomers) 

Continental Rubber Works (22, 12, 13, 14) 

Dow Corning Corp. (17) 

du Pont de Nemours, E. |. & Co., Inc. 
(17) 

Hooker Electrochemical Corp. (17) 

Johns-Manville Corp., Dutch Brand Div. (13) 

Minnesota Mining & Mfg. Co. (17) 

Rogers Corp. (12, 13, 14, 21, 22) 

Westlake Plastics Co. (12, 13, 14) 


FOAMS (see specific plastic or rubben 


FOIL (see specific metal) 


FORGINGS (see also Cold Headed Parts) 


Abegg & Reinhold Co. (F) 

Accurate Brass Corp. (B) 

Alco Products, Inc. (F) 

Allegheny Ludium Stee! Corp. (F) 

Aluminium Ltd. Sales, Inc. (A) 

Aluminum Co. of America (A, D) 

Amalgamated Steel Corp. (F) 

American Brake Shoe Co. 

American Brass Co. (B) 

American Chain & Cable Co. (F) 

American Manganese Bronze Co. (B) 

American Steel Foundries (F) 

AmForge Div., American Brake Shoe Co. 
(E, F) 

Ampco Metal, Inc. (B) 

Anti-Corrosive Metal Products Co., Inc. (F) 

Auld, D. L. Co. (A) 

Baldt Anchor, Chain & Forge Div., Boston 
Metals Co. (A, B, F) 

Bay City Forge Co. (F) 

Bethlehem Steel Co. (F) 

Billings & Spencer Co. (A, B, F, G) 

Blakeslee Forging Co. (A, B, C, D, E, F, G) 

Bohn Aluminum & Brass Corp. (A) 

Brewer-Titchener Corp. (A, F) 

Bridgeport Brass Co. (A, G) 

Bristol Brass Corp. (A) 

California Drop Forge Co. (F) 

Cameron Iron Works, Inc. (A, B, D, E, G, 
H) 

Carbo Tool & Die Co. 

Carpenter Steel Co. (E, F) 

Champion Rivet Co. (B, C, E, F) 

Chase Brass & Copper Co., Inc. (B) 

Chicago Extruded Metals Co. (B) 

Cincinnati Forging Co. (B) 

Clapp, E. D. Mfg. Co. (B, C, E, F) 

Cleveland City Forge Co. (C, F) 

Cleveland Hardware & Forging Co. (F) 

Columbus Bolt & Forging Co. (F) 

Commercial Shearing and Stamping Co. (F) 

Composite Forgings, Inc. (F) 

Crucible Steel Co. of America (F, G) 

Curtiss-Wright Corp. (F, G) 

Cyril Bath Co. (A, F) 

Dirilyte Co. of America, Inc. (A, B) 

Electric Materials Co. (B) 

Electric Steel Foundry Co. (E, F) 

Endicott Forging & Mfg. Co., Inc. (B, E, F) 

Eureka Electrical Products Co. (A, B, F) 

Giant Grip Mfg. Co. (A, F, G) 

Greene, G. G. Corp. (F) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A, G) 

Harvey Metal Corp. (A, B) 

Heppenstall Co. (F, G) 

Hobbs, Clinton E. Co. (C, F) 

Hunter Douglas Aluminum Corp. (A, B) 

Huron Forge & Machine Co. (A, B, F) 

Illinois Forge, Inc. (F) 

Illinois Iron & Bolt Co. (F) 

Indiana Forge & Machine Co. (F) 

international Nickel Co., Inc. (E) 

Isaacson Iron Works (F) 

Kaiser Aluminum & Chemical Sales, Inc. (A) 

Keystone Forging Co. (F) 

Kovar, John R. Mfg. Co., Inc. (F) 

Kropp Forge Co. (F, G) 

Ladish Co., (E, F, G) 

Larson, Charles E. & Sons Inc. (B, C, F, G) 

Larson Tool & Stamping Co. (A, B, C, D, E, 
F, G, H) 

Latrobe Steel Co. (F) 

Lenape Hydraulic Pressing & Forging 
Co. (A, B, F) 

Lindell Drop Forge Co. (F) 

Machinery Forging Co. (F) 

Mallory, P. R. & Co., Inc. (B) 
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McCarter Iron Works Inc. (F) 
McInnes Steel Co. (E, F, G) 
McNally Pittsburg Mfg. Co. (F) 
Melling Forging Co. (E) 
Midvale-Heppenstall Co. (F) 
Milwaukee Forge & Machine Co. (F) 
Moore Dry Dock Co. (F) 

Mueller Brass Co. (A, B) 

Murray Tube Works, Inc. (A, B, F) 


National Supply Co. (F) 
Norcross, C. S. & Sons Co. (F) 


Ohio Forge & Machine Corp. (C, E, F) 
Olderman Mfg. Corp. (A, B) 
Olds Alloys Co. (B) 


Pacific States Steel Corp. (F) 

Park Drop Forge Co. (F) 

Pattin Mfg. Co. (F) 

Pettibone Mulliken Corp. (F) 

Pittsburgh Forgings Co. (A, F) 

Poor & Co., Canton Forge & Axle Works (F) 


Rankin Forge Co. (C, F) 

Revere Copper and Brass, Inc. (A, B) 

Rhode island Tool Co. (A, B, D, F) 

Rockford Bolt & Steel Co. (F) 

St. Pierre Chain Corp. (A, E, F) 

Scovill Mfg. Co. (A, B) 

Searjeant Metal Products Inc. (F) 

Seltzer, George H. & Co. (F) 

Sharpsville Steel Fabricators, Inc. (F) 

Sherman & Reilly, Inc. (A, F) 

Skookum Co., Inc. (F) 

Standard Forge & Axle Co., Inc. (F) 

Standard Steel Works, Div. of Baldwin-Lima- 
Hamilton Corp. 

Steel improvement and Forge Co. (A, 
F) 

Steel, R. & Sons, Inc. (F) 


Titan Metal Mfg. Co. (A, B) 

Tool & Mfg. Co., Inc. (F) 
Transue-Williams (E, F, G) 

Tube Turns, Inc. (A, B, C, E, F, G) 
Union Forging Co. (F) 

United Forge Co. (B, F) 

U.S. Steel Corp. (F) 
Vanadium-Alloys Steel Co. (F) 

Walker Forge, Inc. (F) 

Weber-Knapp Co. (A) 

Wilcox Forging Corp. (B, F) 

Wilde Drop Forge & Tool Co., Inc. (F) 
Williams, J. H. & Co. (A, B, C, D, E, F) 
Wyman-Gordon Co. (A, D, E, F, G) 


FORMED METAL SHAPES (drawn, 
pressed or rolled; see also Stamping) 


Accurate Metal Weather Strip Co., Inc. (A, 
B, C, F, H) 

Ace Metal Spinning (A, B, C, D, E, F, G, 
H) 

Ackermann Mfg. Co., Sub. of Wheeling Steel 
Corp. (F) 

Acme Mfg. & Gasket Co. (A, B, E, F) 

Acme Metal Spinning, Inc. (A, B, C, D, E, 
F, H) 

Acme Stamping & Mfg. Co. (A, B, C, D, E, 
F) 

Acro Metal Stamping Co. (A, B, E, F) 

Adams, 1. G. Metalware Co. (A, B, C, E, F) 

Alco Products, Inc. (F) 

Alloy Products Corp. (F) 

Almco Steel Products Corp. (A, B, C, F) 

Alpha Products, Inc. (A, F) 

Aluminum Co. of America (A, D) 

Aluminum Goods Mfg. (A, F) 

Aluminum Specialty Co. (A) 

American Kitchens Div., Avco Mfg. Corp. (F) 

American Sheet Metal Works, Inc. (A, B, F) 

American Silver Co., Inc. (A, B, D, E, F) 

American Stamping Co. (A, B, F) 

Ampco Metal, Inc. (B) 

Anchor Metal Spinning (A, C, F) 

Anderson, 0. L. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Anderson-Bolling Mfg. Co. (A, F) 

Anthes Force Oiler Co. (A, F) 


378 *« MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 





Art Wire & Stamping Co. (A, B, C, D, E, 
F, G, H) 

Associated Spring Corp. (F) 

Auld, D. L. Co. (A, B) 

Barclay Mfg. Co. (C) 

Bartlett-Thompson Co., Inc. (A, B, E, F) 

Bay State Tool & Machine Co. (F) 

Behringer Metal Works, Inc. (A, B, C, F, H) 

Belmet Products, Inc. (A, B, F) 

Belmont Smelting & Refining Works, Inc. 
(H) 

Benjamin Electric Mfg. Co. (F) 

Bergfels, William & Co. (B, C, E, F, H) 

Bethlehem Steel Co. (F) 

Biersach & Niedermeyer Co. (A, B, C, E, H) 

Blacher Bros., Inc. (B, F) 

Bossert Div., Rockwell Spring & Axie 
Co. (A, B, F) 

Brandt, Charles T. Inc. (A, B, C, E, F) 

Brasco Mfg. Co. (A, B, C, E, F, H) 

Broadway Mfg. Co. (A, B, C, F) 

Brooks & Perkins, Inc. (A, D, G) 

Burkhardt Steel Co. (F) 


Campbell, A. S. Co., Inc. (A, F) 

Carpenter Steel Co. (F) 

Central Fabricators, Inc. (A, B, C, E, F, G) 
Chase Brass & Copper Co. (B) 

Cleveland Hardware & Forging Co. (F) 
Cleveland Welding Div., American 
Machine & Foundry Co. (E, F, G) 

Cly-Del Mfg. Co., Inc. (A, B, E, F, H) 

Cold Metal Products Co. (F) 

Columbus Bolt & Forging Co. (A, B, F) 

Combined Industries Co. (A, B, C, D, E, F) 

Commercial Shearing and Stamping Co. (A, 
E, F) 

Conner Steel Products (A, F) 

Continental Nu-Steel Métal Products Co. (A, 
F) 

Cooley, W. J. & Co. (A, B, F) 

Craft Mfg. Co. (A, B, C, D, E, F, G, H) 

Crucible Steel Co. of America (F, G) 

Cuyahoga Stamping Co. (A, B, F) 

Cyril Bath Co. (A, D, E, F, G) 

Darby Corp. (A, E, F) 

Dare Products, Inc. (F) 

Day Co. (A, F) 

Detroit Stamping Co. (A, B, F) 

Dolin Metal Products, Inc. (A, F) 

Dow Chemical Co. (D) 

Duplex Mfg. Corp. (A, F) 

Eastern Tool & Mfg. Co. (A, B, F) 

Electric Steel Foundry Co. (F) 

Emerson-Sack-Warner Corp. (A, B, C, D, E, 
F, G, H) 

Enamel Products Co. (A, F) 

Etched Products Corp. (A, B, F) 


Falstrom Co. (A, B, D, F) 

Farwell Metal Fabricating (A, B, D, E, F) 

Figley Die & Stamping Co. (A, B, F) 

FitzSimons Mfg. Co. (A, B, F) 

Franklin Steel Div., Borg-Warner Corp. (F) 

Frasse, Peter A. & Co., Inc. (A, F) 

Fuller, W. P. & Co. (H) 

Garco Mfg. Co., Inc. (A, B, ©, D, E, F, G, 
H) 

General Alloys Co. (A, B, C, E, F) 

General Plate Div., Metals & Controls Corp. 
(A, B, C, D, E, F, G, H) 

Geometric Stamping Co. (A, B, F) 

Gerstenslager Co. (A, F) 

Geuder, Paeschke & Frey Co. (A, B, C, F) 

Grammes, L. F. & Sons, Inc. (A, B, C, F) 

Greene, G. G. Corp. (A, F) 

Guarantee Specialty Mfg. Co. (A, B, C, F, 
H) 

Guilfoy Cornice Works (A, B, C, F, H) 

H & H Tube & Mfg. Co. (B) 

Hawkridge Bros. Co. (A) 

Hoofer Mfg. Co. (A, F) 

Houston Blow Pipe & Sheet Metal Works (A, 
B, F) 

Hydroforming Co. of America (A, B, F) 

Ideal Can Co. (A, B, F) 


Illinois Zinc Co., Div. of Hydrometals, Inc. 
(H) 

Indus Corp. (A, F) 

Inland Steel Co. (F) 

Irvington Form & Tank Corp. (A, B, F) 

Jackson Auto Radiator (A, B, F) 

Jackson Steel Products, Inc. (A, B, E, F, H) 

Jones & Laughlin Steel Corp. (F) 

Judd Industries, Inc. (A, B, F) 


Kees, F. D. Mfg. Co. (A, B, C, F) 

Keystone Drawn Steel Co. (F) 

Kling Metal Spinning & Stamping Co. (A, B, 
C, D, E, F, W 

Kroh Wagner (A, F, H) 

Krueger & Hudepohi Inc. (A, B, C, E, F) 


Lakewood Metal Products, Inc. (A, B, D, E, 
F, H) 

Latrobe Steel Co. (F) 

Lawrence, L. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Laystrom Mfg. Co. (A, B, C, E, F, H) 

Leach & Garner Co., Industrial Div. (A, 
B, E) 

Leake Stamping Div., Monarch Products Co. 
(A, B, E, F, G) 

Legion Utensils Co. (B, E, F) 

Lenape Hydraulic Pressing & Forging 
Co. (A, B, F) 

Lincoln Steel Corp. (F) 

Lockport Mfg. Co. (F) 

Lockport Steel Fabricators, Inc. (A, E) 

Lynn, Gary Co. (A, B, F) 

Magnesium Co. of America (D) 

Mahon, R. C. Co. (A, F) 

Makepeace, D. E. Co. (A, B, E, F) 

Matthiessen & Hegeler Zinc Co. (H) 

Mayville Metal Products Co. (A, B, F) 

McDowell Mfg. Co. (A, B, F) 

McKinney Mfg. Co. (A, B, D, E, F) 

Mechanical Steel Tubing Corp. (A, B, C, D, 
E, F, G, H) 

Melco Wire Products (A) 

Merrimac Brass (E) 

Metal Forming Corp. (A, B, C, D, E, F, G, 
H) 

Metal Parts & Stamping Co. (A, B, C, E, F, 
G, H) 

Midvale-Heppenstall Co. (F) 

Milwaukee Stamping Co. (A, F) 

Missouri Boiler & Sheet Iron Works (F) 

Moore Dry Dock Co. (F) 

Morrison Steel Products, Inc. (F) 

Morse, Fred W. Co. (A, B, F) 


Narragansett Boiler Works, Inc. (F) 

National Aluminum Co. (F) 

National Moldite Co. (C) 

New England Brass Co. (B) 

Nichols, L. 0. & Son Mfg. Co. (A, B, C, E, 
F, H) 

Nichols Wire & Aluminum Co. (A) 

Noera Mfg. Co. (A, B, F) 

Norcross, C. S. & Sons Co. (F) 

Ormond Mfg. Co., Inc. (A, B, C, E, F, H) 


Parish Pressed Steel Div., Dana Corp. (A, F, 
G) 

Parker, Charles Co. (A, F) 

Pemco Wheel Co. (F) 

Perrin, Edward C. Co. (A, B, F) 

Peterson Products Corp. (A, B, E, F) 

Phoenix Products Co. (A, B, C, E, F, G) 

Pierce Governor of Ohio Inc. (A, F) 

Pittsburgh Steel Corp. (B, C, E, F, H) 

Pittsburgh Tool Steel Wire Co. (F) 

Powell Pressed Steel Co. (A, F) 

Precision Extrusions, Inc. (A) 

Premier Metal Works, Inc. (A, B, E, F) 

Pressed Steel Tank Co. (A, B, F) 

Presswork Inc. (A, B) 

Pyramid Moulding Inc. (F) 

Rathbone Corp. (A, B, C, E, F) 

Regal Ware, Inc. (A, B, F) 

Republic Steel Corp. (A, B, F, G) 

Reynolds Metals Co. (A) 

Roll Formed Products Co. (A, B, D, 

F, H) 








Rolock, Inc. (E) 

Ryerson, Joseph T. & Son, Inc. (A, F) 

Scovill Mfg. Co. (A, B, F) 

Seattle Boiler Works, Inc. (A, E, F) 

Serwell Products Co. (B, F) 

Shank Metal Products Co. (A, F) 

Sheffield Div. Armco Steel Corp. (F) 

Spincraft, Inc. (A, B, F) 

Stainless Metals, Inc. (F) 

Standard Steel Sections, Inc. (A, C, F) 

Standard Steel Works, Div. of Baldwin-Lima- 
Hamilton Corp. (F) 

Steel Heddle Mfg. Co. (A, B, C, D, E, F) 

Steel Industries, Inc. (F) 

Stenman, Bror F. (A, B, F) 

Stimpson, Edwin B. Co., Inc. (A, B, E, F, H) 

Stover Steel Tank & Mfg. Co. (F) 

Stulz-Sickles Co. (F) 

Teiner, Roland Co., Inc. (A, B, C, E, F, 
G) 

Textile Shield Co., Inc. (A, B, F) 

Titan Metal Mfg. Co. (B) 

Titanium Metal Corp. of America (G) 

Toledo Stamping & Mfg. Co. (A, B, F) 

Torngren, C. W. Co., Inc. (A, B, C, D, E, 
F, G) 

Trojan Steel Co. (F) 

Trussbilt, Div. Siems Bros., Inc. (E) 

U.S. Steel Corp. (F) 

Van Huffel Tube Corp. (A, B, F) 

Vanadium-Alloys Steel Co. (F) 

Victor Steel Products Corp. (F) 

Vulcan Metal Products, Inc. (A) 

Wabash Metal Products Co. (A, F, G) 

Wall, P. Mfg. Co. (A, B, F) 

Ward, H. H. Co. (A, B, E, F, H) 

Warren Bros. Roads Co. (A, F) 

Waterbury Buckle Co. (A, F, H) 

Waterman Industries, Inc. (A, B, F) 

Welding Apparatus Co. (A, E, F) 

Werner, R. D. Co., Imc. (A, F) 

Wesco Spring Co. (A, B, F) 

Western Tool & Die Works (A, B, F) 

Whitehead Metal Products Co., Inc. (A, 
B, E, F) 

Wickwire Spencer Steel Div., Colorado Fuel 
and Iron Corp. (A, B, E, F, G) 

Wilder Mfg. Co., Inc. (A, B, C, F) 

Williams, F. B. (F) 

Wirth, Carl & Son, Inc. (A, B, C, F) 

Wolverine Tube Div., Calumet & Hecla, Inc. 
(A) 

Wood, John Co. (F) 

Woolf Aircraft Products, Inc. (A, B, F) 

Worcester Pressed Steel Co. (A, B, C, D, E, 
F, G, H) 

Worcester Stamped Metal Co. (A, B, E, F, 
G, H) 

Worth Co. (A, B, F) 

Wyckoff Steel Co. (F) 





Youngstown Kitchens Div., American Stand- 
ard Co. (A, F) 
Youngstown Mfg., Inc. (A, F) 


FORSTERITE (see Ceramics) 


FURANES 


Booty Resineers, Inc. (17) 

Catalin Corp. of America (17) 

Durez Plastics Div., Hooker Electro- 
chemical Co. (17) 

Furane Plastics Inc. (17, 18) 

Knight, Maurice A. (17) 

Loven Chemical of California (17) 

Plastics Engineering Co. (17) 

Reichhold Chemicals, Inc. (17) 


GALVANIZED METALS 
(see Precoated Metals) 


GERMANIUM 

American Metal Co., Ltd. (8, 10) 

Belmont Smelting & Refining Works, Inc. 
(10) 

Eagle-Picher Co. (8, 10) 

Sylvania Electric Products, Inc. (8) 


GLASS—FORMS AND PARTS 
(No key indicates custom parts only) 

Alox Mfg. Co. 

Applied Instruments, Inc. (9, 12, 13) 

Auto Glass Mfg. Co. (9, 13) 

Bassichis Co. (10) 

Bausch & Lomb Optical Co. 

Binswanger & Co. (9, 13) 

Chemiglas, Inc. (19) 

Corning Glass Works (9, 10, 12, 13, 23) 

Dodge Fibers Corp. (19) 

Eagle Convex Glass Specialty Co. (13) 

Edna Lite Optical Co., Inc. (21, 12, 13) 

Erie Scientific Corp. (9, 13) 

Ferro Corp. (19) 

Fiber Glass Industries, Inc. (19) 

Fischer & Porter Co. (12) 

Fish-Schurman Corp. (19, 9, 10, 12, 13, 23) 

Forman, Ford & Co. (9) 

Friedrich & Dimmock, Inc. (12, 23) 

Glass Laboratories Inc. (23) 

Gustin-Bacon Mfg. Co. (19) 

Houze Glass Corp. (19, 13) 

Industrial Tectonics, Inc. 

L.O.F. Glass Fibers Co. (19) 

Lamtex Industries, Inc. (23) 

Lancaster Glass Corp. 

Libbey-Owens-Ford Glass Co. 

Owens-Corning Fiberglas Corp. (19) 

Owens Illinois Glass Co. 

Penberthy Instrument Co. (13) 





MATERIALS 


A—Aluminum and its alloys 
B—Copper and its alloys 
C—lron and its alloys (except 
steel) 


F—Steels 


BASIC FORMS 





D—Magnesium and its alloys 
E—Nickel and its alloys 


G—Titanium and its alloys 


17—Base resins, polymers or 


1—Anodes 12—Rod 
2—Bar 13—Sheet 
3—Billets 14—Strip 
7—Foil 

8—Ingot gums 

9—Plate 18—Laminating 
10—Powder resins 


KEY 


H—Zine and its alloys 
J—Thermoplastics 
K—Thermosetting plastics 
L—Elastomers 


19—Fibers or filaments 
20—Film 

21—Foams (component mate- 
rials or products) 
22—Molding compounds 
23—Tube, nonmetallic (except 
plastics or rubber) 


or casting 















Pittsburgh Corning Corp. 

Pittsburgh Plate Glass Co. (19, 9, 13) 
Polacoat Inc. (13) 

Pyrosil, Inc. (9, 10, 23) 

Semon Bache & Co. (4, 9, 12, 13, 23) 
Shull Bros. Glass Co. (23) 


GLASS—FOR 
PLASTICS REINFORCEMENT 


Exeter Mfg. Co. 

Ferro Corp. 

Fiber Glass Industries, Inc. 
Flexfirm Products 

Flightex Fabrics, Inc. 

Fry Plastics Co. 

Hess, Goldsmith & Co., Inc. 
L.0.F. Glass Fibers Co. 
Menardi & Co. 

Omni Products Corp. 
Owens-Corning Fiberglas Corp. 
Pittsburgh Plate Glass Co. 
Seaman Products 

Texas Glass Fiber Corp. 


GOLD AND ITS ALLOYS 

Alpha Metals, Inc. (7) 

American Metal Co., Ltd. (8) 

American Platinum Works (9) 

American Silver Co., Inc. (7, 14) 

Baker & Co., Inc. (1, 2, 7, 8, 9, 10, 12, 13, 
14) 

Eastern Smelting & Refining Corp. (10) 

General Plate Div., Metals & Controls Corp. 
(1, 7, 9, 12, 13, 14) 

Goldsmith Bros., S. & R. Co. (1, 8, 9, 10, 
12, 13, 14) 

Hagstoz, T. B. & Son (1, 2, 9, 12) 

Handy & Harman (1, 2, 7, 8, 9, 10, 12, 13, 
14) 

Hanovia Chemical & Mfg. Co. (10) 

Leach & Garner Co., Industrial Div. (1, 
2, 3, 7, 9, 12, 13, 14) 

Metals Disintegrating Co., Inc. (10) 

Ney, J. M. Co. (12, 13, 14) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Sel-Rex Corp. (1, 10) 

Western Gold & Platinum Co. (1, 7, 10, 12, 
13, 14) 

Wildberg Bros. Smelting & Refining Co. (1, 
2, 3, 7, 8, 9, 10, 12, 13, 14) 

Williams Gold Refining Co., Inc. (1, 2, 3, 7, 
8, 9, 12, 14) 


GRAPHITE (see Carbon) 
GRAY IRON (see Iron) 


GR-S RUBBER 
(see Styrene-Butadiene Rubber) 


HARD FACING ALLOYS 

Air Reduction Sales Co. 

Alloy Rods Co. 

All-State Welding Alloys Co., Inc. 

American Manganese Steel Div., American 
Brake Shoe Co. 

Arcos Corp. 

Champion Rivet Co. 

Cleveland Hard Facing Co., Inc. 

Fansteel Metallurgical Corp. 

General Electric Co. 

Harnischfeger Corp. 

Hayden Wire Works Inc. 

Haynes Stellite Co., Div. of Union Carbide 
Corp. 

Hobart Bros. Co. 

Lincoln Electric Co. 

Marquette Mfg. Co., Inc. 

McKay Co. 

Metal & Thermit Corp. 

Metallizing Co. of Los Angeles Inc. 
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Republic Steel Corp. 
Reynolds Mfg. Co. 
Wall Colmonoy Co. 


HIGH PRESSURE LAMINATES 


(see Laminates) 


HYPALON 
(see Chiorosulfonated Polyethylene Rubber) 


IMPACT EXTRUSIONS 
(cold extrusions) 

Aluminum Co. of America (A) 

Cliff Mfg. Co. (A) 

Curtiss-Wright Corp. (F) 

Cyril Bath Co. (A, F) 

Dow Chemical Co. (D) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A, G) 

Heintz Mfg. Co. (F) 

Hunter-Douglas Aluminum Div., Bridgeport 
Brass Co. (A) 

Impax, Inc. (A, B, D, H) 

Leake Stamping Div., Monarch Products Co. 
(A, F) 

Magline, Inc. (D) 

Magnesium Co. of America (D) 

Rockwell Spring & Axle Co. (F) 

Sun Tube Corp. (A, B, D) 

Worcester Pressed Steel Co. (A) 


INDIUM AND ITS ALLOYS 

Alpha Metals, Inc. (2, 3, 7, 8, 12, 13, 14) 

Belmont Smelting & Refining Works, Inc. 
(2, 8) 

Cerro de Pasco Sales Corp. (8) 

Division Lead Co. (2) 

Federated Metals Div., American Smelit- 
ing & Refining Co. (2, 3, 7, 8, 12, 13, 
14) 

General Plate Div., Metals & Controls Corp. 
(14) 

Indium Corp. of America (2, 8, 10) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Sel-Rex Corp. (10) 

Western Gold & Platinum Co. (12, 13, 14) 

Williams Gold Refining Co., Inc. (1, 2, 3, 7, 
8, 9, 10, 12, 14) 


INGOTS (see specific metal) 


INJECTION MOLDINGS 
(see Moldings) 


INTERMETALLIC COMPOUNDS 
(see Ceramics) 


INVESTMENT CASTINGS 
(see Castings) 


IRON, ALLOY (castings) 

Advance Foundry Co. 

Alloy Precision Castings Co. 

American Cast Iron Pipe Co. 

American Foundries Co. 

Apex Steel Corp., Ltd. 

Arzt, T. L. Foundry Co. 

Atlantic Foundry Co. 

Beaver Valley Alloy Foundry Co. 

Blackmer Pump Co. 

Bonnot Co. 

Butler Engine & Foundry Co., Inc. 

Cadillac Malleable Iron Co. 

Calumet Div., Calumet & Hecla, Inc. 

Campbell, Wyant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Carondelet Foundry Co. 


Casting Service Corp. of Michigan 

Chemung Foundry Corp. 

Chicago Hardware Foundry Co. 

Cleveland Foundry & Mfg. Co., Inc. 

Crawford & Doherty Foundry Co. 

Curtiss-Wright Corp. 

Dalton Foundries, Inc. 

Dayton Foundry 

Electric Steel Foundry Co. 

Electron Corp. 

Florence Pipe Foundry & Machine Co. 

Flynn & Emrich Co. 

Frederick Iron & Steel, Inc. 

Gale Mfg. Co. 

Gillett & Eaton, Inc. 

Gunite Foundries Corp. 

H & H Foundry Machine Co. 

Hamilton Foundry & Machine Co. 

Helmick Foundry-Machine Co. 

Irwin Foundry and Mine Car Co., Industrial 
and Furnace Car Div. 

Janney Cylinder Co. 

Keen Foundry Co., Inc. 

Kingsport Foundry & Mfg. Corp. 

Kutztown Foundry and Machine Corp. 

Lake Erie Foundry Co. 

Lang-Scharmann & Co. 

Lincoln Foundry Corp. 

Littlestown Hardware & Foundry Co., Inc. 

Long Beach Iron Works 

Macaulay, H. C. Foundry Co. 

Mackintosh-Hemphill Div., E. W. Bliss Co. 

Manufacturers Iron Foundry, Inc. 

McLanahan & Stone Corp. 

Meehanite Metal Corp. 

Midwestern Foundries, Inc. 

Montague Machine Co. 

National Iron Co. 

North Wales Foundry Co., Inc. 

Oakland Foundry & Machine Co. 

O11 City Iron Works 

Pittsburgh Foundry & Machine Co. 

Potts, C. & G. & Co. 

Prescott Co. 

Quest, J. F. Foundry Co. 

Republic Steel Corp. 

Rosedale Foundry & Machine Co. 

Ross-Meehan Foundries 

St. Marys Foundry Co. 

Schneider Bowman Co., Inc. 

Sheffield Foundry Co. 

Sibley Machine & Foundry Coro. 

Sioux City Foundry & Boiler Co. 

Springfield Foundry Co. 

Spuck Iron & Foundry Co. 

Standard Foundry Co. 

Stuart Foundry Co. 

Taylor & Co., Inc. 

Taylor & Boggis Foundry 

Texas Foundries, Inc. 

Tower Grove Foundry 

Union Iron Works 

Valley Iron Works, Inc. 

Washington Iron Works 

Waterman Industries, Inc. 


Zenith Foundry 


IRON, COMMERCIAL 
Armco Steel Corp. (2, 3, 9, 13, 14) 
Republic Steel Corp. (8) 


IRON, GRAY (castings) 

ACF Industries, Inc., American Car & Foun- 
dry Div. 

Acme Foundry & Machine Co. 

Advance Foundry 

Albert Lea Foundry Co. 

Allegheny Foundry Co. 

Allis-Chalmers Mfg. Co. 

Almont Mfg. Co. 

American Brake Shoe Co. 

American Cast Iron Pipe Co. 

American Foundries Co. 
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American Foundry Co., Inc. 

American Laundry Machinery Co. 

Apex Steel Corp., Ltd. 

Appleton Electric Co. 

Arneson Foundry, Inc. 

Arzt, T. L. Foundry Co. 

Atlantic Foundry Co. 

Atlas Foundry Co. 

Auburn Foundry Inc. 

Avco Mfg. Corp., New Idea Div. 

Baldwin-Lima-Hamilton Corp. 

Banner Iron Works 

Barnett Foundry & Machine Co. 

Belle City Malleable Iron Co. 

Bethlehem Steel Co. 

Black-Clawson Co. 

Blackmer Pump Co. 

Bonnot Co. 

Brake Shoe & Castings Div., American Brake 
Shoe Co. 

Bruce Foundry & Mfg. Co. 

Butler Engine & Foundry Co., Inc. 

Calumet Div., Calumet & Hecla, Inc. 

Campbell, Wyant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Carondelet Foundry Co. 

Casting Service Corp. of Michigan 

Chemung Foundry Corp. 

Chicago Hardware Foundry Co. 

Cincinnati Foundry Co. 

Cleveland Foundry & Mfg. Co., Inc. 

Columbiana Pump Co. 

Compton Foundry 

Continental Gin Co. 

Cooper-Bessemer Corp. 

Crawford & Doherty Foundry Co. 

Dalton Foundries, Inc. 

Dayton Foundry 

Decatur Casting Co. 

Dodge Mfg. Corp. 

Dostal Foundry & Machine Co. 

Eaton Mfg. Co., Foundry Div. 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. 

Electron Corp. 

Elkhart Iron Works 

Empire Pattern and Foundry Co. 

Enterprise Wheel & Car Corp. 

Florence Pipe Foundry & Machine Co. 

Florin Foundry & Mfg. Co. 

Flynn & Emrick Co. 

Frederick Iron & Steel, Inc. 

Fulton Foundry & Machines Co., Inc. 

Gale Mfg. Co. 

Gartland Haswell Foundry Co. 

General Foundry & Mfg. Co. 

General Iron Works Co. 

General Motors Corp., Central Foundry Div. 

Georgia Iron Works 

Gillett & Eaton, Inc. 

Glamorgan Pipe and Foundry Co. 

Gowanda Furnaces, Inc. 

Grafton Foundry Co. 

Greenlee Foundry Co. 

Gunite Foundries Corp. 

H & H Foundry Machine Co. 

Hamilton Foundry & Machine Co. 

Hardinge Mfg. Co. 

Helmick Foundry-Machine Co. 

Independence Stove & Mfg. Co. 

International Harvester Co. 

International Nickel Co., Inc. 

Irwin Foundry and Mine Car Co., Industrial 
and Furnace Car Div. 

Janney Cylinder Co. 

Johnstone Foundries, Inc. 

Kanawha Mfg. Co. 

Kansas City Hay Press Co. 

Keen Foundry Co., Inc. 

Kelly Foundry Co. 

King-Seeley Corp. 

Kingsport Foundry & Mfg. Corp. 

Koehring Co. 

Kutztown Foundry and Machine Corp. 

LFM Mfg. Co., Inc. 





















take Erie Foundry Co. 

Lang-Scharmann & Co. 

LaPorte Foundry Co., Inc. 

Laragy, P. Iron Foundry, Inc. 

Lectromelt Casting Co. 

Lehigh, Inc. 

tewistown Foundry & Machine Co. 

Lincoln Foundry Corp. 

Lincoln Iron Works 

Link-Belt Co. 

Littite Foundries Inc. 

Littlestown Hardware & Foundry Co., Inc. 

Lodge Mfg. Co. 

Long Beach Iron Works 

Macaulay, H. C. Foundry Co. 

Madison Foundry Co. 

MaGirl Foundry & Furnace Co. 

Manufacturers Iron Foundry, Inc. 

McCarter Iron Works Inc. 

McLanahan & Stone Corp. 

Meehanite Metal Corp. 

Midwestern Foundries, Inc. 

Montague Machine Co. 

Morrisvill Foundry Co., Inc. 

National Iron Co. 

National Supply Co. 

North Wales Foundry Co., Inc. 

Oakland Foundry & Machine Co. 

Oil City Iron Works 

Palmyra Foundry Co., Inc. 

Pequonnock Foundry, Inc. 

Perkins, Henry Co. 

Pittsburgh Foundry & Machine Co. 

Pohlman Foundry Co., Inc. 

Posey Iron Works, Inc. 

Potts, C. & G. & Co. 

Prescott Co. 

Pusey & Jones Corp. 

Quest, J. F. Foundry Co. 

Refinery Castings Co. 

Republic Steel Corp. 

Riverside Foundry Co. 

Rodney Hunt Machine Co. 

Rosedale Foundry & Machine Co. 

Ross-Meehan Foundries 

St. Marys Foundry Co. 

Schneider Bowman Co., Inc. 

Selma Foundry & Machine Co. 

Sharpsville Steel Fabricators, Inc. 

Sheffield Foundry Co. 

Shenango Furnace Co. 

Sibley Machine & Foundry Corp. 

Sioux City Foundry & Boiler Co. 

Sonith Industries, Inc. 

Southern Car & Mfg. Co., Inc. 

Spring City Foundry Co. 

Springer’s Foundry Co., Inc. 

Springfield Foundry Co. 

Spuck Iron & Foundry Co. 

Standard Foundry Co. 

Stearns-Roger Mfg. Co. 

Sterling Foundry Co. 

Sterrit-Thomas Foundry Co. 

Stuart Foundry Co. 

Swett, A. L. Iron Works 

Taylor & Boggis Foundry 

Taylor & Co., Inc. 

Terre Haute Malleable & Mfg. Corp. 

Tower Grove Foundry 

Union Iron Works 

U.S. Pipe and Foundry Co. 

Utica General Jobbing Foundry, Inc. 

Valley Iron Works, Inc. 

Vulcan Foundry Co. 

Vulcan Rail & Construction Co. 

Washington Iron Works 

Waterman Industries, Inc. 

Werner Foundry & Machine Co. 

Western Foundry & Machine Works, Inc. 

Western Iron & Foundry Co., Inc. 

Westinghouse Electric Corp., Materials 
Mfg. Dept. 

Wollaston Foundry Corp. 

Woodruff & Edwards, Inc. 

Yale & Towne Mfg. Co. 








Zellner Foundry Co. 


Zenith Foundry 


IRON, MALLEABLE (castings) 
Acme Steel & Malleable Iron Works 
Albion Malleable Iron Co. 

Alloy Precision Castings Co. 
American Chain & Cable Co. 
American Malleable Castings Co. 
Appleton Electric Co. 

Auto Specialties Mfg. Co. 

Badger Malleable & Mfg. Co. 
Belcher Malleable Iron Co. 

Belle City Malleable Iron Co. 
Cadillac Malleable Iron Co. 

Chicago Malleable Castings Co. 
Connecticut Malleable Castings Co. 
Dayton Malleable Iron Co. 

Eastern Malleable Iron Co. 

General Electric Co., Foundry Dept. 
General Motors Corp., Central Foundry Div. 
Iowa Malleable Iron Co. 

Jamestown Malleable Iron Corp. 
Laconia Malleable Iron Co. 

Lake City Malleable Co. 

Lakeside Malleable Castings Co. 
Lancaster Malleable Castings Co. 
Lehigh, Inc. 

Lincoln Foundry Corp. 

Link-Belt Co. 

McCarter Iron Works Inc. 

Meeker Foundry Co. 

Mitchell Metal Products, Inc. 
Muncie Malleable Foundry Co. 
National Malleable & Steel Castings Co. 
Northern Malleable Iron Co. 

Pratt, William E. Mfg. Co. 
Republic Steel Corp. 

St. Louis Malleable Castings Co. 
Sharpsville Steel Fabricators, Inc. 
Superior Steel & Malleable Castings Co. 
Terre Haute Malleable & Mfg. Corp. 
Texas Foundries, Inc. 

U.S. Challenge & Challenge Co. 
Vulcan Rail & Construction Co. 
West Virginia Malleable Iron Co. 
Westmoreland Malleable Iron Co. 


IRON, NODULAR OR DUCTILE 
(castings) 

Advance Foundry 

American Cast Iron Pipe Co. 

Atlantic Foundry Co. 

Black-Clawson Co. 

Bonnot Co. 

Campbell, Wvant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Chicago Hardware Foundry Co. 

Crawford & Doherty Foundry Co 

Curtiss-Wright Corp. 

Electron Corp. 

Gunite Foundries Corp. 

Hamilton Foundry & Machine Co. 

International Nickel Co. 

Jamestown Malleable Iron Corp. 

Janney Cylinder Co. 

Kutztown Foundry & Machine Corp. 

Meehanite Metal Corp. 

Montague Machine Co. 

Rosedale Foundry & Machine Co. 

Ross-Meehan Foundries 

Sioux City Foundry & Boiler Co. 

Southern Car & Mfg. Co., Inc. 


IRON, WROUGHT 

Byers, A. M. (9) 

Gary Steel Products Corp. (2, 9, 13) 
Lockhart Iron & Stee! Co. (2. 3) 
Sharpsville Steel Fabricators, Inc. (9, 14) 


IRON POWDERS 
Alan Wood Steel Co. 
Alloy Metal Powders, Inc. 


MATERIALS SELECTOR ISSUE, 1957-58 « 381 





Antara Chemicals Div., General Aniline & 
Film Corp. 

Belmont Smelting and Refining Works 

Easton Metal Powder Co. 

Ekstrand & Tholand 

Hardy, Charles, Inc. 

Hoeganaes Sponge Iron Corp. 

Johnson, A & Co., Inc. 

Magnetic Powders, Inc. 

Metal Hydrides, Inc. 

Plastic Metals Div., National Radiator Co. 

Pyron Corp. 

Republic Stee! Corp. 

Vanadium-Alloys Steel Co. 









































































[SOPRENE-ISOBUTYLENE 
RUBBER 


Adhesive Products Corp. (18) 

American Hard Rubber Co. (13) 

Armstrong Cork Co. (12, 13, 14) 

Brown Rubber Co., Inc. (21) 

Continental Rubber Works (22, 12, 13, 14) 

Enjay Co., Inc. (17) 

Geauga Industries Co. (22, 12, 14) 

Goodrich, B. F. Chemical Co. (17, 18, 22) 

Goshen Rubber Co., Inc. (22) 

Home Rubber Co. (22, 12, 13, 14) 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Rand Rubber Co. (20, 13) 

Roth Rubber Co. (22, 13) 

Standard Products Co. (22) 

Stockwell Rubber Co., Inc. (22, 13, 14) 

Technical Specialties Co. (14) 

Vulcanized Rubber & Plastics Co. (22) 


LAMINATES 
(see below; see also Pre-Impregnated 
Materials) 


LAMINATES, HIGH PRESSURE, 


PLASTICS OR RUBBER 
(sheet, rod or tube, incl clad laminates) 


Acme Specialties, Inc. (J, K, L) 

American Agile Corp. (J) 

American Hard Rubber Co. (K, L) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (ix) 

Auburn Plastic Engineering (J) 

Cadillac Plastic & Chemical Co. (J, K) 

Capac Industries, Inc. (K) 

Commercial Plastics & Supply Corp. 
(K) 

Conneaut Rubber and Plastics Co. (J, K, L) 

Connecticut Hard Rubber Co. (L) 

Conolite Div., Continental Can Co., Inc. (K) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., 
Budd Co. (K) 

Davidson Rubber Co. (L) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Everlite Corp. (K) 

Farley & Loetscher Mfg. Co., Plastics Div. 
(K) 

Formica Corp. (K) 

Gatke Corp. (K) 

General Electric Co., Laminated & Insulating 
Products Dept. (K, L) 

General Plastics Corp. (J) 

General Tire & Rubber Co. (K) 

H & R Industries (J) 

Hartwell, H. N. & Son, Inc. (J) 

Haskelite Mfg. Corp. (K) 

Home Rubber Co. (L) 

Iten Fibre Co. (K) 

Kerr, R. W. Plastic Co. (J, K) 

Lewis, J. P. Co., Plastic Products Div. (K) 

Luminous Resins, Inc. (J) 

Marblette Corp. (K) 

Mechanical Rubber Products Co. (K) 

Mica Insulator Co. (K) 


Div. of 













a ee 





Suppliers of Materials 


Micarta Div., Westinghouse Electric Corp. 
(K) 

National Vulcanized Fibre Co. (K) 

New England Laminates Co., Inc. (J, K) 

Panelyte Div., St. Regis Paper Co. (K) 

Penn Fibre & Specialty Co., Inc. (K) 

Philrus Products Co. (K) 

Porter, William Co. (K) 

Prince Rubber Co., Inc. (J) 

Quaker Rubber Div., H. K. Porter Co. (J, L) 

Ren Plastic, Inc. (kK) 

Replac Corp. (J, K, L) 

Richardson Co. (K) 

Rogers Corp. (kK) 

Shamban, W. S. & Co (J) 

Spaulding Fibre Co., Inc. (K) 

Standard Insulation Co. (K) 

Synthane Corp. (K) 

Taylor Fibre Co. (K) 

Thombert, Inc. (K) 

U.S. Polymeric Chemicals, Inc. (K) 

Vulcanized Rubber & Plastics Co. (L) 

Westlake Plastics Co. (K) 


LAMINATES, LOW PRESSURE, 


PLASTICS OR RUBBER 
(sheet, rod or tube, incl clad laminates) 


Acme Specialties, Inc. (J, K, L) 

Allegheny Plastics, Inc. (J) 

Alsynite Co. of America (K) 

American Agile Corp. (J) 

American Hard Rubber Co. (K, L) 

American Insulator Corp. (\«) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Auburn Plastic Engineering (K) 

Biggs, Carl H. Co., Inc. (K) 

Cadillac Plastic & Chemical Co. (J, K) 

Capac Industries, Inc. (K) 

Carroll, J. B. Co. (J) 

Connecticut Hard Rubber Co. (L) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., Div. of 
Budd Co. (K) 

Corite Products, Inc. (K) 

Corrulux Div., L. 0. F. Glass Fibers Co. (K) 

Dura Plastics of New York, Inc. (J) 

Frost Rubber Co. (L) 

Gering Products, Inc. (J) 

Glastic Corp. (K) 

Haskelite Mfg. Corp. (K) 

Hays Mfg. Co. (K) 

Home Rubber Co. (L) 

Kaykor Industries, Inc. (J) 

Kerr, R. W. Plastic Co. (J, K) 

Laminated Plas-Tex Corp. (J) 

Lamtex Industries, Inc. 

Lunn Laminates, Inc. (K) 

Mechanical Rubber Products Co. (K) 

Mica Insulator Co. (K) 

Minnesota Mining & Mfg. Co. (K) 

Molded Fiber Giass Sheet Co. (K) 

National Vulcanized Fibre Co. (K) 

New England Laminates Co., Inc. (J, K) 

Porter, William Co. (K) 

Prince Rubber Co., Inc. (J, L) 

Rand Rubber Co. (J, K) 

Ren Plastics, Inc. (K) 

Replac Corp. (K, L) 

Resolite Corp. (K) 

Rowland Products, Inc. (J) 

Rubber Corp. of America (J) 

Russell Reinforced Plastics Corp. (K) 

Sewell Mfg. Co. (J) 

Shamban, W. S. & Co. (J) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (J) 

Standard Insulation Co. (K) 

Stockwell Rubber Co., Inc. (J, L) 

Stone Paper Tube Co. (K) 

Strick Plastics Co. (J, K, L) 

U.S. Polymeric Chemicals, Inc. (K) 

U.S. Rubber Co. (J) 

Urrite Plastics Fabricators (J) 
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Vulcanized Rubber & Plastics Co. (L) 
Westlake Plastics Co. (K) 


LAMINATES, HIGH OR LOW 
PRESSURE, PLASTICS OR 


RUBBER—MOLDINGS 
(incl clad laminates) 


Admiral Corp., Molded Products Div. (K) 

American Agile Corp. (J) 

American Hard Rubber Co. (J, K, L) 

American Insulator Corp. (K) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Arrowhead Products (K, L) 

Artmor Plastics Corp. (K) 

Bassons Industries, Corp. (K) 

Cadillac Plastic & Chemical Co. (J, K) 

Carroll, J. B. Co. (J) 

Chemical Products Corp. (J) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., Div. of 
Budd Co. (K) 

Corite Products, Inc. (K) 

Eljay Corp. (K) 

Englander Co., Inc., Plastics Div. (K) 

Formica Corp. (J) 

Foss Mfg. Co., Plastics Div. (K) 

Frost Rubber Co. (L) 

Gatke Corp. (K) 

General Electric Co., Laminated & Insulating 
Products Dept. (K) 

General Tire & Rubber Co. (K) 

Glastic Corp. (K) 

Haskelite Mfg. Corp. (K) 

Hays Mfg. Co. (K) 

Home Rubber Co. (L) 

Kerr, R. W. Plastic Co. (J, K) 

Lamtex Industries, Inc. (J, K) 

Lunn Laminates, Inc. (J, K) 

Mechanical Rubber Products Co. (K) 

Mica Insulator Co. (K) 

Micarta Div., Westinghouse Electric Corp. 
(K) 

Minnesota Mining & Mfg. Co. (K) 

Molded Fibre Glass Co. (K) 

National Vulcanized Fibre Co. (K) 

New England Laminates Co., Inc. (J, K) 

Northwest Plastics Industries, Inc. (K) 

Panelyte Div., St. Regis Paper Co. (K) 

Plymouth Industrial Products, Inc. (J) 

Porter, William Co. (K) 

Quaker Rubber Div., H. K. Porter Co. (L) 

Ren Plastics, Inc. (K) 

Replac Corp. (J, K, L) 

Resolite Corp. (K) 

Richardson Co. (K) 

Russell Reinforced Plastics Corp. (K) 

Shamban, W. S. & Co. (J) 

Sierra Electric Corp. (J, K) 

Sparta Mfg. Co., Div. of U. S. Ceramic 
Tile Co. (J) 

Spaulding Fibre Co., Inc. (K) 

Standard Insulation Co. (K) 

Stockwell Rubber Co., Inc. (J, L) 

Strick Plastic Co. (J, K, L) 

Sun Rubber Co. (L) 

Synthane Corp. (K) 

Thompson, H. I. Fiber Glass Co. (J) 

Toledo Industrial Rubber Co. (K) 

U.S. Polymeric Chemicals, Inc. (K) 

Waterbury Companies, Inc. (K) 

Wittman, Lawrence & Co. (K) 

Zenith Plastics Co. (K) 


LAMINATES, METAL-METAL 


(key letters refer to base metal) 
Almco Steel Products Corp. (C, F) 
American Cast Iron Pipe Co. (C, F) 
American Silver Co., Inc. (B, C, E, F) 
Baker & Co. (B, E) 
Bridgeport Brass Co. (B, C, E, F) 
Chace, W. M. Co. (thermostatic bimetals) 
Copperweld Steel Co. (F) 













Eastern Brass & Copper Co. (A) 

General Findings & Supply Co., Industria! 
Div. (B, E) 

General Plate Div., Metals & Controls Corp. 
(A, B, C, D, E, F, G, H) (thermostatic 
bimetals) 

Improved Seamless Wire Co. (B, C, E) 

Knapp Mills, Inc. (B, F) 

Laminated Shim Co. (A, B, F) 

Leach & Garner Co., Industrial Div. (Bp 
E) 

Makepeace, D. E. Co. (B, E, G) 

Staver Co., Inc. (A) 

Sylvania Electric Products, Inc. (B, E) 

Wilson, H. A. Co. (B, E, F) 

Wisconsin Gasket & Mfg. Co. (B, F) 


































































LAMINATES, METAL-ORGANIC 
(key letters refer to base metal) 

American Nickeloid Co. (A, F) 

Arvin Industries (A, D, F) 

Benjamin Electric Mfg. Co. (F) 

Clad-Rex Corp. (A, F) 

Coated Coil Corp. (A, F) 

Cochran Foil Co. (A) 

Hood Rubber Co., Div. of B. F. Goodrich 
Chemical Co. (A, F) 

O’Sullivan Rubber Co. (F) 

U. S. Steel Corp., Irvin Works (F) 


LAMINATING RESINS 


(see specific plastic or rubber) 


LEAD AND ITS ALLOYS 

Alpha Metals, Inc. (2, 3, 4, 7, 8, 9, 10, 12, 
13, 14) 

American Metal Co., Ltd. (2, 3, 8 10, 
12) 

Belmont Smelting & Refining Works Inc. (1, 
2, 7, 8, 9, 10, 13, 14) 

Bunker Hill Co., Sales & Fabrication Div. 
(1, 2, 8, 9, 12, 13, 14) 

Chicago Smelting & Refining Corp. (8) 

Crown Metal Co. (1, 2, 7, 8, 9, 12, 13, 14) 

Dietzel Lead Burning Co. (1, 2, 9, 13) 

Division Lead Co. (1, 2, 3, 7, 8, 9, 10, 12, 
13, 14) 

Dixie Lead Co. (1, 2, 3, 8, 9, 10, 13) 

Eagle-Picher Co. (10) 

Evans Metal Co. (13) 

Federated Metals Div., American Smelit- 
ing & Refining Co. (1, 2, 3, 8, 9, 12, 
13, 14) 

Fox Products Co. (1) 

General Plate Div., Metals & Controls Corp. 
(14) 

Glidden Co. (10) 

Goldsmith Bros., S. & R. Co. (2, 8) 

Hayman, Michael & Co., Inc. (2, 8) 

Hudson Smelting & Refining Co. (8) 

Kirk, Morris P. & Son, Inc, (1, 2, 3, 8, 9, 
10, 12, 13, 14) 

Lavin, R. & Sons, Inc. (1, 8) 

McGean Chemical Co. (1) 

Metal & Thermit Corp. (1) 4 

Metals Disintegrating Co., Inc. (10) 4 

National Lead Co. (10) 

National Lead Construction Co. (1) 

New England Smelting Works, Inc. (2, 8) 

Oatey, L. R. Co. (2, 8, 13, 14) 

Olds Alloys Co. (3, 8) 

Peerless Alloy Co. (1, 2, 3, 8, 9, 12, 13) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Pittsburgh Smelting & Refining Co. (8) 

Republic Lead Equipment Co. (1) 

Republic Metals Co., Inc. (1, 2, 7, 8, 12, 13, 
14) 

River Smelting & Refining Co. (8) 

Rotometals (2, 8, 10, 13) 

St. Joseph Lead Co. (8) 

U.S. Smelting, Refining & Mining Co. (2, 3, 
8) 

Waltham Foundry Co. (8) 









LEATHER AND LEATHER 
PARTS 


Alexander Bros. Belting Co. 
Alexander, E. P. & Son 
Auburn Mfg. Co. 

Barnes, Henry K. Co. 

Bond, Charles & Co. 
Charlotte Leather Belting Co. 
Chicago Rawhide Mfg. Co. 
Donovan, F. C. Inc. 

Gibb, Walton Leather Co. 
Glenn, Joseph & Sons, Inc. 
Graton & Knight Co. 

Haffner Bros. Co. 

Hay, James E. Leather Co. 
Houghton, E. F. & Co. 
Mechanical Leathers, Inc. 
Michigan Leather Products Co. 
Monarch Belting Co. 

Norwich Leather Co. 

Page Belting Co. 

Porter, William Co. 

Rees’ Sons, Hans 

Rhoads, J. E. & Sons 
Schachner Leather & Belting Co. 
Shingle Leather Co. 

Southern Belting Co. 

Special Leathers Co. 

Standard Washer & Mat Inc. 
Truche Leather Co. 

Warren Belting Co. 

Winworth Co., Inc. 


LITHIUM 

American Potash and Chemical Corp. 
Foote Mineral Co. 

Lithium Corp. of America 


LOW PRESSURE LAMINATES 
(see Laminates) 


MAGNESIUM AND ITS ALLOYS 

Aluminium Ltd. Sales, Inc. (8) 

Aluminum Co. of America (1, 2, 3, 9, 
12, 13, 14) 

Aluminum & Magnesium, Inc. (8) 

American Smelting & Refining Co. (1, 8) 

Apex Smelting Co. (1, 8) 

Armet Alloys, Inc. (8) 

Belmont Smelting & Refining Works, Inc 
(1, 8, 10) 

Brooks & Perkins, Inc. (9, 13) 

Dow Chemical Co. (1, 2, 8, 9, 10, 12, 13, 
14) 

Federated Metals Div., American Smelt- 
Ing & Refining Co. (1, 8) 

Hardy, Charles, Inc. (10) 

King Laboratories, Inc. (8, 10) 

Magline, Inc. (9, 13) 

Magna Mfg. Co., Inc. (10) 

Magnode Products, Inc. (1) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Reade Mfg. Co., Inc. (10) 

Standard Magnesium Corp. (1, 8) 

U.S. Magnesium Co. (10) 

Waltham Foundry Co. (8) 

White Metal Rolling & Stamping Corp. (2, 
9, 12) 


MANGANESE AND ITS ALLOYS 

Amalgamated Steel Corp. (2, 12) 

Belmont Smelting & Refining Works, Inc. 
(8, 10) 

Chicago Development Corp. (12, 13, 14) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Foote Mineral Co. (10) 

Hardy, Charles Inc. (10) 

Hommel, 0. Co. (10) 


Lavin, R. & Sons, Inc. (8) 

Metals Disintegrating Co., Inc. (10) 

National Paint & Manganese Co. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Pioneer Aluminum Inc. (9) 

Plastic Metals Div., National-U.S. Radiator 
Corp., (10) 

Reade Mfg. Co., Inc. (10) 

Universal Castings Corp. (8) 


MANGANESE BRONZE (see Copper) 


MELAMINES 

Adhesive Products Corp. (18) 

American Cyanamid Co., Plastics & Resins 
Div. (17, 18, 22) 

Barrett Div., Allied Chemical & Dye Corp. 
(22) 

Catalin Corp. of America (17) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Consoweld Corp. (13) 

Farley & Loetscher Mfg. Co., Plastics Div. 
(13) 

Fiberite Corp. (22) 

Formica Corp. (12, 13, 14) 

Haskelite Mfg. Corp. (13, 14) 

Mica Insulator Co. (12, 13) 

Monsanto Chemical Co. (22, 17) 

Muehlstein, H. & Co., Inc. (22, 17) 

National Vulcanized Fibre Co. (12, 13) 

Northern Plastics Corp. (13, 14) 

Omni Products Corp. (22) 

Philrus Products Co. (12, 13, 14) 

Reichhold Chemicals, Inc. (17, 18) 

Spaulding Fibre Co., Inc. (12, 13, 14) 

Synthane Corp. (12, 13, 14) 

Taylor Fibre Co. (12, 13) 

Texas Glass Fiber Corp. (22) 

Westlake Plastics Co. (12, 13, 14) 


METAL POWDER PARTS 

Allied Products Corp. (B, C, F) 

Aluminum Co. of America (A) 

American Brake Shoe Co. (A, B, C, E, F) 

American Powdered Metals Inc. (A, B, C, E, 
F) 

American Sinteel Corp. (A, B, C, E, F) 

Amplex Div., Chrysler Corp. (A, B, C, E, F) 

Arnold Engineering Co. (A, B, C, E, F) 

Arrow Sintered Products Co. (C) 

Asco Sintering Corp. (A, B, C, E, F) 

Atlas Brass Foundry (B, C) 

Bassick Co. (A, B, C, E, F) 

Bendix Aviation Corp. (A, B, C, E, F) 

Boston Gear Works (A, B, C, E, F) 

Bound Brook Oil-Less Bearing Co. (B, C, E) 

Brockway Pressed Metals, Inc. (A, B, C, E, 
F) 

Bunting Brass & Bronze Co. (B, C) 

Burgess-Norton Mfg. Co. (A, B, C, E, F) 

Carbon City Products Co., Inc. (B, C) 

Cero-Met (A, B, C, E, F) 

Chicago Powdered Metal Products Co. (A, B, 
So & fF. 

Cleveland Graphite Bronze Co. (A, B, C, E, 
F) 

Compacted Metals Corp. (B, C) 

Dixon Sintaloy, Inc. (B, C, E, F) 

Eaton Mfg. Co. (A, B, C, E, F) 

Eberhart Steel Products, Powdered Metals 
Div. (B, C) 

Engineered Plastics & American Sinterings, 
Inc. (B, C, E, F) 

Ferro Powdered Metals (B, C, E, F) 

General Metal Powder Co. (A, B, C, E, F) 

Moraine Products Div., General Motors Corp. 
(A, B, C, E, F) 

General Powdered Metal Products, Inc. (A, 
B, C, E, F) 

General Sintering Corp. (A, B, C, E, F) 





Indar Corp. (A, B, C, E, F) 

Indiana Steel Products Co. (A, B, C, E, F) 

International Powder Metallurgy Co. (A, B, 
C, E, F) 

Jet Components, Inc. (B, C) 

Johnson Bronze Co. (A, B, C, E, F) 

Keystone Carbon Co. (A, B, C, F) 

Kwikset Powdered Metal Products (A, B, C, 
E, F) 

Lux Clock Mfg. Co., Inc. (A, B, C, E, F) 

Mallory, P. R. & Co. (A, B, C, E, F) 

Merriman Bros. Inc. (A, B, C, E) 

Metal Powder Products, Inc. (B, C, F) 

Michigan Powdered Metal Products Co. (A, 
B, C, E, F) 

Micro Metallic Corp. (A, B, C, E, F) 

Micro-Metals Co. (A, B, C, E, F) 

Midwest Sintered Products (A, B, C, E, F) 

Mueller Brass Co. (A, B, C, E, F) 

National Molded Products, Inc. (A, B, C, E, 
F) 

National Moldite Co. (C) 

Pacific Sintered Metals Co. (B, C) 

Parker White Metal Co. (A, B, C, E, F) 

Picco, Inc. (A, B, C, E, F) 

Powder Metal Products Co. (A, B, C, E, F) 

Powdercraft Corp. (A, B, C, E, F) 

Precision Metal Products Co. (A, B, C, E, F) 

Presmet Corp. (A, B, C, E, F) 

Pure Carbon Co., Inc. (B) 

Raybestos Div., Raybestos-Manhattan, Inc. 
(A, B, C, E, F) 

Reese Metal Products Corp. (A, B, C, E, F) 

St. Marys Carbon Co. (A, B, C, E, F, H) 

Schwarzkopf Development Corp. (A, B, C, E, 
F) 

Sintercast Corp. of America (A, B, C, E, F) 

Sintered Metals, Inc. (B, C, E, F, H) 

Sterling Engineering Corp. (B, C) 

Superior Carbon Products, Inc. (B, C, E, 
F) 

Supermet Div., 
(B, F) 

United Sintered Alloys (A, B, C, E, F) 

U.S. Graphite Co. (B, C, E, F) 

Veremere, E. A. Inc. (A, B, C, E, F) 

Wakefield Bearing Corp. (A, B, C, E, F) 

Wellman, S. K. Co. (B, C) 

Yale & Towne Mfg. Co., 
Metal Products Div. (B, C) 


Globe Industries, Inc. 


Powdered 


METAL POWDERS (see Iron Powders 
or specific metal) 


METALLIZED COATINGS 
(see Coatings) 


METHYL METHACRYLATE 
(see Acrylic Plastics) 


MICA (raw materials and fabricated parts) 


Continental-Diamond Fibre Co., Div. of Budd 
Co. 

Farnam Mfg. Co., Inc. 

Franklin Mineral Products Co. (12) 

Funkhouser Co. 

General Electric Co. 

Industrial Mica Corp. (13, 23) 

Mica Fabricating Co. (10, 13) 

Mica Insulator Co., Sub. of Minnesota Min- 
ing & Mfg. Co. 

Mycalex Corp. of America 

U.S. Mica Co., Inc. 


MOLDING COMPOUNDS 
(see specific plastic or rubber) 


MOLDINGS, BLOWN 
American Hard Rubber Co. (K) 
Belko Corp. (L) 

Brown Rubber Co., Inc. (L) 
Cadillac Plastic & Chemical Co. (J) 






MATERIALS SELECTOR ISSUE, 1957-58 « 383 








Suppliers of Materials 


Continental Can Co., Inc. (J) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Frost Rubber Co. (L) 

General Plastics Corp. (J) 

Glo-Brite Products, Inc. (K) 

Imco Container Corp. (J) 

Johnson Rubber Co. (L) 

Lee Rubber & Tire Corp. (L) 

Luzerne Rubber Co. (L) 

Mechanical Rubber Products Co. (K) 

Mid-States Rubber Products, Inc. (L) 

Nalge Co., Inc. (J) 

Plax Corp. (J) 

Replac Corp. (J, K, L) 

Rogers Corp. (L) 

Schwab Plastic Corp. (J) 

Seamless Rubber Co. (L) 

Shoe Form Co. (J) 

Stockwell Rubber Co., Inc. (L) 

Stokes Molded Products Div., 
Storage Battery Co. (K) 

Sun Rubber Co. (L) 

Urrite Plastics Fabricators (J) 

Valley-National Corp. (J) 

Westlake Plastics Co. (J) 


Electric 


MOLDINGS, COLD 

Acushnet Process Co. (L) 

American Hard Rubber Co. (J) 

American Insulator Corp. (K) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Biggs, Carl H. Co., Inc. (K) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Federal Adhesives Corp. (J) 

Garfield Mfg. Co. (K) 

Glo-Brite Products, Inc. (K) 

Home Rubber Co. (L) 

Porter, William Co. (K) 

Replac Corp. (J, K, L) 

Rostone Corp. (K) 

Seamless Rubber Co. (L) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (J) 

Square D Co., Molded Insulation Div. (K) 


MOLDINGS, COMPRESSION 

Acushnet Process Co. (L) 

Admiral Corp., Molded Products Div. (K) 

Allegheny Plastics, Inc. (J) 

Amco Plastic Pipe Co. (K) 

American Agile Corp. (J) 

American Hard Rubber Co. (Jj K, L) 

American Molding Co. (K) 

American Plastics Corp. (K) 

Anderson Associates, Inc. (K) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Auburn Plastics Inc. (K) 

Belko Corp. (L) 

Eond international Inc. (L) 

Booker-Wallestad, Inc. (K) 

Boonton Molding Co. (J) 

Burwood Products Co. (J, K) 

Button Corp. of America (K) 

Capac Industries, Inc. (K) 

Chicago Rubber Co., Inc. (L) 

Colt’s Plastics Co., Inc. (K, L) 

Conneaut Rubber and Plastics Co. (J, K, L) 

Connecticut Hard Rubber Co. (L) 

Consolidated Molded Products Corp. (K) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., Div. of 
Budd Co. (K) 

Cox Plastics Corp. (K) 

Davidson Rubber Co. (L) 

Davies, Harry Molding Co. (K) 

Diemolding Corp. (K) 

Dimco-Gray Co. (K) 

Disogrin Industries, Inc. (L) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Eberhard Faber Pencil Co. (L) 

Eby, Hugh H. Co. (K) 

Evans-Winter-Hebb, Inc. (K) 
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Firestone Tire & Rubber Co. (L) 

Formold Plastics, Inc. (K) 

Frost Rubber Co. (L) 

Garfield Mfg. Co. (K) 

Geauga Industries Co. (L) 

General American Transportation Corp. (K) 

General Industries Co., Plastics Div. (K) 

Goodrich, B. F. Industrial Products Co. (J) 

Goshen Rubber Co., Inc. (L) 

Hawkeye Rubber Mfg. Co. (L) 

Hays Mfg. Co. (K) 

Hewitt-Robins, Inc. (L) 

Hohwieler Rubber Co., Inc. (L) 

Insulation Products Co. (K) 

Johnson Rubber Co. (L) 

Judsen Rubber Works, Inc. (L) 

Kerr, R. W. Plastic Co. (K) 

Koller Craft Plastics Products Inc. (J, K) 

Kuhn & Jacob Molding & Tool Co. (K) 

Kurz-Kasch, Inc. (J, K) 

Lee Rubber & Tire Corp. (L) 

Liepsner, H. C. & Co. (K) 

Lunn Laminates, Inc. (K) 

Luzerne Rubber Co. (J, K, L) 

Mechanical Rubber Products Co. (K) 

Mesa Plastics Co. (K) 

Mid-States Rubber Products, Inc. (L) 

Midwest Molding & Mfg. Co. (J, K, L) 

Minnesota Rubber & Gasket Co. (J, L) 

Moldex (L) 

National Gasket & Washer Mfg. Co., Inc. (J, 
K, L) 

Northern Industrial Chemical Co., Inc. (K) 

Northwest Plastics, Inc. (K) 

Panelyte Div., St. Regis Paper Co. (K) 

Parker Appliance Co. (L) 

Parker, Stearns*& Co., Inc. (L) 

Peerless Molded Plastics, Inc. (K) 

Plastic & Rubber Products (L) 

Plastic Masters, Inc. (K) 

Plastic Mold & Tool Co. (J) 

Plastic Research Products Co., Div. of Grimes 
Mfg. Co. (K) 

Porter, William Co. (K, L) 

Practi-Cole Products, Inc. (J) 

Prince Rubber Co., Inc. (J, L) 

Quaker Rubber Div., H. K. Porter Co. (K) 

Rathbun Molding Corp. (K) 

Raybestos-Manhattan, Inc. (K, L) 

Regal Plastic Co. (K) 

Remler Co. (K) 

Replac Corp. (J, K, L) 

Resinoid Engineering Corp. (K) 

Resistoflex Corp. (J) 

Richardson Co. (K) 

Robot Devices Inc. (K) 

Rogers Corp. (K, L) 

Rogers, V. F. Plastic Molding (K, L) 

Roth Rubber Co. (K, L) 

Russell Reinforced Plastics Corp. (K) 

Seamless Rubber Co. (L) 

Seaview Plastics, Inc. (K) 

Shamban, W. S. & Co. (J) 

Shaw Insulator Co. (K) 

Sierra Electric Corp. (K, L) 

Southern Plastics Co. (K) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (J) 

Square D Co., Molded Insulation Div. (K) 

Stalwart Rubber Co. (L) 

Standard Products Co. (L) 

Stockwell Rubber Co., Inc. (J, L) 

Stokes Molded Products, Div. of Electric 
Storage Battery Co. (K) 

Sun Rubber Co. (L) 

Sylvania Electric Products Inc. (K) 

Synthane Corp. (K) 

Teal Co. (K) 

Technical Specialties Co. (L) 

Toledo Industrial Rubber Co. (K) 

U.S. Rubber Co., Mechanical Goods Div. (K) 

U.S. Stoneware Co. (J, K) 

Vogt Mfg. Corp. (J) 

Vulcanized Rubber & Plastics Co. (L) 

Waterbury Companies, Inc. (J, K) 







Westlake Plastics Co. (IK) 
Westmoreland Plastics Co., Inc. (K) 
Wittman, Lawrence & Co. (K) 
Zenith Plastics Co. (K) 





MOLDINGS, INJECTION 

aaRBee Plastic Co. (J) 

AGP Corp. (J) 

Acushnet Process Co. (L) 

Admiral Corp., Molded Products Div. (J) 

All Plastics Corp. (J) 

Amco Plastic Pipe Co. (J) 

American Agile Corp. (J) 

American Hard Rubber Co. (Jj, L) 

American Insulator Corp. (J, L) 

American Molding Co. (J) 

American Plastics Corp. (J) 

Amos Molded Plastics Div., 
Thompson Corp. (J, K) 

Anderson Associates, Inc. (J) 

Auburn Plastics Inc. (J, L) 

Auburn Rubber Co., Inc. (J) 

Belko Corp. (L) 

Bond International Inc. (L) 

Booker-Wallestad, Inc. (J) 

Boonton Molding Co. (J) 

Buckeye Molding Co. (J) 

Burwood Products Co. (J) 

Campro Co. (J) 

Chippewa Plastics, Inc. (J) 

Colonial Art Co., Inc. (J) 

Colonial Plastics Mfg. Co. (J) 

Colt’s Plastics Co., Inc. (J) 

Commercial Plastics Co., Associated Plastic 
Div. (J) 

Conneaut Rubber and Plastics Co. (J, K, L) 

Consolidated Molded Products Corp. (J) 

Continental Can Co., Inc. (J) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., 
Budd Co. (J) 

Dapol Plastics, Inc. (J) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Eby, Hugh H. Co. (J) 

Engineered Nylon Products, Inc. (J) 

Evans-Winter-Hebb, Inc. (J, K) 

Fiberfil, Inc. (J) 

Formold Plastics, Inc. (J) 

Franklin Plastics, Inc. (J) 

Geauga Industries Co. (L) 

General American Transportation Corp. (J) 

Genera! Industries Co., Plastics Div. (J) 

Glass Laboratories Inc. (J) 

Gotham Plastics Corp. (J) 

Gries Reproducer Corp. (J) 

H & R Industries (J) 

Harback Mfg. Co. (J) 

Hawkeye Rubber Mfg. Co. (L) 

Hungerford Plastics Corp. (L) 

Ideal Plastics Co. (J) 

Imco Container Corp. (J) 

Johnson Glass & Plastic Corp. (J) 

Johnson Plastic Corp. (J, L) 

Judsen Rubber Works, Inc. (L) 

Keolyn Plastics, Inc. (J) 

Kerr, R. W. Plastic Co. (J, L) 

Koller Craft Plastics Products Inc. (J) 

Lermer Plastics, Inc. (J) 

Liepsner, H. C. & Co. (J) 

Luzerne Rubber Co. (J) 

Manufacturers Corp. (J) 

Mechanical Rubber Products Co. (K) 

Midwest Molding & Mfg. Co. (J, K, L) 

Minnesota Rubber & Gasket Co. (L) 

Moldex (L) 

Nalge Co., Inc. (J) 

Niles Corp. (J) 

Northern Industrial Chemical Co., Inc. (J) 

Northwest Plastics, Inc. (J, L) 

Ohio Rubber Co. (J) 

Panelyte Div., St. Regis Paper Co. (J) 

Peerless Molded Plastics, Inc. (J) 

Plastic Masters Inc. (J) 


Amos- 


Div. of 
























Plax Corp. (J) 

Plura Plastics (J) 

Porter, William Co. (J) 

Practi-Cole Products, Inc. (K) 

Prince Rubber Co., Inc. (J, L) 

Pyro Plastics Corp. (J) 

Rathbun Molding Corp. (J) 

Raybestos-Manhattan, Inc. (L) 

Remler Co. (J) 

Richardson Co. (Jj) 

Rogers, Dayton Mfg. Co. (J) 

Shamban, W. S. & Co. (J) 

Shaw Insulator Co. (J) 

Sierra Electric Corp. (J, L) 

Sinko Mfg. & Tool Co. (J) 

Skyline Industries (J) 

Standard Molding Corp. (J) 

Standard Products Co. (L) 

Stockwell Rubber Co., Inc. (L) 

Stokes Molded Products, Div. 
Storage Battery Co. (J) 

Sylvania Electric Products Inc. (J) 

Teal Co. (J) 

Technical Specialties Co. (L) 

Toledo Industrial Rubber Co. (K) 

Trim Molded Products Co., Inc. (J) 

Tube Turns Plastics, Inc. (J) 

United Plastic Industries, Inc. (J) 

U.S. Rubber Co., Mechanical Goods Div. (J) 

Vulcanized Rubber & Plastics Co.°(J, L) 

Wagner Plastic Corp. (J) 

Waterbury Companies, Inc. (J) 

Westlake Plastics Co. (J) 

Whyte Mfg. Co., Inc. (J) 

Zenith Plastics Co. (J) 


of Electric 


MOLDINGS, SHEET 
(sheet formed parts) 
American Agile Corp. (J) 
American Plastics Corp. (J) 
Artmor Plastics Corp. (K) 
Auburn Mfg. Co. (J) 
Belko Corp. (L) 
Blank, Arthur & Co., Inc. (J) 
Brown Rubber Co., Inc. (L) 
Cadillac Plastic & Chemical Co. (J) 
Capac Industries, Inc. (J) 
Carroll, J. B. Co. (J) 
Connecticut Hard Rubber Co. (L) 
Dryden Rubber Div., Sheller Mfg. Corp (L) 
Dura Plastics of New York, Inc. (J) 
Eljay Corp. (J) 
General American Transportation Corp. (J) 
General Plastics Corp. (J) 
General Plastics Mfg. Co. (J, K) 
General Tire & Rubber Co. (K) 
Gotham Plastics Corp. (J) 
Imco Container Corp. (J) 
Kerr, R. W. Plastic Co. (J) 
Klise Mfg. Co., Inc. (J) 
Lunn Laminates, Inc. (J, K) 
Masland Duraleather Co. (J) 
Mechanical Rubber Products Co. (K) 
Mica Insulator Co. (K) 
Midwest Plastic Products Co. (J) 
Minnesota Mining & Mfg. Co. (K) 
Nalge Co., Inc. (J) 
O’Sullivan Rubber Corp. (J) 
Panelyte Div., St. Regis Paper Co. (J) 
Peerless Products Industries (J) 
Porter, William Co. (K) 
Practi-Cole Products, Inc. (J) 
Regal Plastics Co. (J) 
Replac Corp. (J, K, L) 
Resolite Corp. (K) 
Seamless Rubber Co. (L) 
Seaview Plastics, Inc. (J) 
Sewell Mfg. Co. (J) 
Shamban, W. S. & Co. (J) 
Shoe Form Co. (J) 
Sierra Electric Corp. (J) 
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Sillcocks Miller Co. (J) 

Snyder Mfg. Co., Inc. (J) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (J) 

Strick Plastic Co. (J, L) 

Trim Molded Products Co., Inc. (J) 

U.S. Rubber Co. (J) 

Urrite Plastics Fabricators (J) 

Valley-National Corp. (J) 

Vogt Mfg. Corp. (J) 

Westlake Plastics Co. (J) 

Whyte Mfg. Co., Inc. (J) 

Wittman, Lawrence & Co. (K) 


MOLDINGS, SLUSH (Plastics) 
Boonton Molding Co. (L) 

Borden Co., Chemical Div. (J) 

Chemical Products Corp. (J) 

Dennis Chemical Co. (J) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 
Federal Adhesives Corp. (J) 

Hungerford Plastics Corp. (J) 

Minnesota Rubber & Gasket Co. (J, L) 
Replac Corp. (J, K, L) 


MOLDINGS, TRANSFER 

Acushnet Process Co. (L) 

Admiral Corp. (K) 

Amco Plastic Pipe Co. (K) 

American Hard Rubber Co. (J, K, L) 

American Insulator Corp. (K) 

American Molding Co. (K) 

American Plastics Corp. (K) 

Belko Corp. (L) 

Bond International Inc. (L) 

Booker-Wallestad, Inc. (K) 

Boonton Molding Co. (J) 

Colt’s Plastics Co., Inc. (K) 

Continental Rubber Works (L) 

Cox Plastics Corp. (K) 

Davies, Harry Molding Co. (K) 

Dimco-Gray Co. (K) 

Disogrin Industries, Inc. (L) 

Dryden Rubber Div., Sheller Mfg. Corp. (L) 

Eby, Hugh H. Co. (K) 

Evans-Winter-Hebb, Inc. (K) 

Formica Corp. (J) 

Formold Plastics, Inc. (K) 

Garfield Mfg. Co. (K) 

General American Transportation Corp. (K) 

General Industries Co., Plastics Div. (K) 

Hawkeye Rubber Mfg. Co. (L) 

Insulation Products Co. (K) 

Johnson Rubber Co. (L) 

Judsen Rubber Works, Inc. (L) 

Kerr, R. W. Plastic Co. (K) 

Koller Craft Plastics Products Inc. (K) 

Kurz-Kasch, Inc. (J, K) 

Lee Rubber & Tire Corp. (L) 

Mechanical Rubber Products Co. (K) 

Mesa Plastics Co. (K) 

Mid-States Rubber Products, Inc. (L) 

Midwest Molding & Mfg. Co. (J, K, L) 

Minnesota Rubber & Gasket Co. (L) 

Moldex (L) 

Northern Industrial Chemical Co., Inc. (K) 

Northwest Plastics, Inc. (K) 

Panelyte Div., St. Regis Paper Co. (K) 

Parker Appliance Co. (L) 

Peerless Molded Plastics, Inc. (K) 

Plastic Masters, Inc. (K) 

Plastic Research Products Co., Div. of Grimes 
Mfg. Co. (K) 

Rathbun Molding Corp. (K) 

Raybestos-Manhattan, Inc. (L) 

Remler Co. (K) 

Replac Corp. (J, K, L) 

Resinoid Engineering Corp. (K) 

Richardson Co. (K) 









Robot Devices Inc. (K) 

Rogers Corp. (K) 

Roth Rubber Co. (L) 

Seamless Rubber Co. (L) 

Shaw Insulator Co. (K) 

Sierra Electric Corp. (K) 

Southern Plastics Co. (K) 

Square D Co., Molded Insulation Div. (K) 

Standard Products Co. (L) 

Stockwell Rubber Co., Inc. (L) 

Stokes Molded Products, Div. 
Storage Battery Co. (K) 

Sun Rubber Co. (L) 

Sylvania Electric Products Inc. (K) 

Teal Co. (K) 

Technical Specialties Co. (L) 

Toledo Industrial Rubber Co. (K) 

U.S. Rubber Co., Mechanical Goods Div. (K) 

Vulcanized Rubber & Plastics Co. (L) 

Waterbury Companies, Inc. (K) 


of Electric 


MOLYBDENUM 
AND ITS ALLOYS 


Alpha Metals, Inc. (13, 14) 

Amalgamated Steel Corp. (2, 12) 

Associated Engineering & Mfg. Corp. (2, 10, 
12, 13, 14) 

Belmont Smelting & Refining Works, Inc. 
(8, 10) 

Cleveland Tungsten, Inc. (10) 

Climax Molybdenum Co. (2, 3, 8, 9, 12, 13, 
14) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Fanstee!l Metallurgical Corp. (2, 8, 9, 
10, 12, 13, 14) 

General Electric Co., Lamp Wire & Phos- 
phors Dept. (10) 

Hardy, Charles Inc. (10) 

North American Phillips Co., Inc. (10) 

Shieldalloy Corp. (10) 

Sylvania Electric Products Inc. (2, 8, 10) 
Vacuum Metals Corp., Div. of Crucible Stee! 
Co. of America (2, 3, 8, 9, 13, 14) 

Westinghouse Electric Corp., Lamp Div. 


MONEL (see Nickel) 


NATURAL RUBBER 

American Hard Rubber Co. (12, 13, 14) 

American Rubber Products Corp. (21, 13, 14, 
12) 

Atlas Mjneral Products Co. (13) 

Auburn Rubber Co., Inc. (13) 

Brown Rubber Co., Inc. (21) 

Continental Rubber Works (22, 12, 13, 14) 

Coyne & Paddock Inc. (13) 

Foamade Industries (21) 

Geauga Industries Co. (22, 12, 14) 

Goshen Rubber Co., Inc. (22) 

Home Rubber Co. (22, 12, 13, 14) 

Johns-Manville Corp. (13) 

Luzerne Rubber Co. (12, 13, 14) 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Parker, Stearns & Co., Inc. (13, 14, 20) 

Polymer Chemical Co. (22) 

Rand Rubber Co. (17, 20, 13) 

Raybestos-Manhattan, Inc. (12, 13, 14) 

Rogers Corp. (12, 13, 14, 22) 

Roth Rubber Co. (22, 13) 

Rubatex Div., Great American Industries, Inc. 
(21) 

Rubber Corp. of America (17, 21) 

Standard Products Co. (22) 

Stockwell Rubber Co., Inc. (21, 22, 12, 13, 
14) 

Technical Specialties Co. (14) 

U.S. Stoneware Co. (22) 

Vulcanized Rubber & Plastics Co. (22) 
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NEOPRENE (see Chloroprene Rubber) 


NICKEL AND ITS ALLOYS 

Alloy Metal Powders, Inc. (10) 

Alloy Metal Products, Inc. (3, 8) 

Amalgamated Steel Corp. (2, 12) 

American Nickel Alloy Mfg. Corp. (8) 

American Silver Co., Inc. (7, 14) 

Belmont Smelting & Refining Works, Inc. 
(1, 8, 10) 

Brush Beryllium Co. (8) 

Driver, Wilbur B. Co. (12, 14) 

Driver-Harris Co. (7, 12, 14) 

Elgin National Watch Co. (3, 12, 14) 

Federated Metals Div., American Smelt- 
ing & Refining Co. (8) 

Firth Sterling Inc. (2, 3, 8, 12, 14) 

Foote Mineral Co. (10) 

Fox Products Co. (1) 

General Plate Div., Metals & Controls Corp. 
(7, 13, 14) 

Grand Rapids Brass Co. (9) 

Hardy, Charles, Inc. (10) 

Hayden Wire Works, Inc. (12) 

Haynes Stellite Co., Div. of Union Carbide 
Corp. (2, 9, 12, 13, 14) 

Hoskins Mfg. Co. 

International Nickel Co., Inc. (2, 9, 12, 
13, 14) 

Lavin, R. & Sons, Inc. (8) 

McGean Chemical Co. (1) 

Metal Hydrides Inc. (8, 10) 

Metals Disintegrating Co., Inc. (10) 

New England Brass Co. (13, 14) 

New Jersey Metals Co. (1, 3, 8) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Plastic Metals Div., National-U.S. Radiator 
Corp. (10) 

Riverside Alloy Metal Div., H. K. Porter Co., 
Inc. (2, 12, 13, 14) 

Sel-Rex Corp. (1, 10) 

Seymour Mfg. Co. (1, 12, 13, 14) 

Shieldalloy Corp. (10) 

Somers Brass Co., Inc. (14) 

Superior Steel Corp. (14) 

Utica Drop Forge & Tool Div., Kelsey Hayes 
Co. (2, 3, 8, 9, 13, 14) 

Utility Mfg. Co. (12) 

Vanadium-Alloys Steel Co. (10) 

Wall Colmonoy Corp. (10, 12) 

Waterbury Rolling Mills, Inc. (14) 

Whitehead Metal Products Co., Inc. (9, 
12, 13, 14) 

Wilson, H. A. Co. (12, 14) 


NICKEL SILVER (see Copper) 
NITRIDES (see Ceramics) 


NITRILE RUBBER 
(see Acrylonitrile-Butadiene Rubber) 


NODULAR IRON (see Iron) 


NYLON (see Polyamides) 


OXIDES (see Ceramics) 


PAPERS, INDUSTRIAL 
(cellulose, inorganic, synthetic) 


Dexter, C. H. & Sons Inc. 
Filpaco Industries, Inc. 

Fox Edge Co., Inc. 
Georgia-Pacific Corp. 

Gomar Mfg. Co., Inc. 
Hollingsworth & Vose Co. 
Johns-Manville Corp. 
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Knowlton Bros., Inc. 

Mica Fabricating Co. 
Mosinee Paper Millis Co. 
Owens-Illinois Glass Co. 
Raybestos-Manhattan, Inc. 
Riegel Paper Corp. 

Rogers Corp. 

St. Regis Paper Co. 

Spruce Pine Mica Co., Inc. 
Standard Asbestos Mfg. Co. 
Standard Washer & Mat Inc. 


PERFORATED METALS 

Acme Precision Products, Inc. (A, B, F, G) 

American Sheet Metal Works, Inc. (F) 

Blaco Mfg. Co. (B, F) 

California Perforated Screen Co. (A, B, C, 
E, F, 

Caspers Tin Plate Co. (F) 

Chase Brass & Copper Co. (B) 

Clendenin Bros. Inc. (A, B) 

Colonial Alloys Co. (A, B, D, E, F, G, H) 

Colorado Fuel and Iron Corp. (F) 

Cross Engineering Co. (A, F) 

Duplex Mfg. Corp. (F) 

Etched Products Corp. (A) 

Falstrom Co. (A, B, D, F) 

Fox Products Co. (C) 

General Alloys Co. (A, B, E, F) 

Greene, G. G. Corp. (F) 

Harrington & King Perforating Co., Inc. (A, 
B, C, D, E, F, G, 

Haven-Busch Co. (A, B, F) 

Hawkridge Bros. Co. (A) 

Hendrick Mfg. Co. (A, B, C, D, E, F, G, H) 

Houston Blow Pipe & Sheet Metal Works 
(A, B, F) 

Industrial and Furnace Car Div., 
Foundry and Mine Car Co. (F) 

Levinson Steel Co. (F) 

McCarter Iron Works Inc. (F) 

McNally Pittsburg Mfg. Co. (A, F) 

Meico Wire Products (A) 

Metal Goods Corp. (A, B, E, F) 

Parker Metal Goods Co. (A, F) 

Reynolds Metals Co. (A) 

Rigidized Metals Corp. (A, B, F, G) 

Ryerson, Joseph T. & Son, Inc. (A, F) 

Serwell Products Co. (B, F) 

Stainless Metals, Inc. (F) 

Standard Stamping & Perforating Co. 
(A, B, F) 

Thompson Pipe & Steel Co. (F) 

Toepfer & Sons, Inc. (A, B, C, D, E, F, G, 
H) 

Whitehead Metal Products Co., Inc. (A, 
B, E) 

Whyte, Oliver Co., Inc. (A, F) 


Irwin 


PERMANENT MOLD CASTINGS 
(see Castings) 


PHENOLICS 

Ace Plastic Co. (12, 13, 14) 

Adhesive Products Corp. (18) 

American Reinforced Plastics Co. (22, 17) 

Archer-Daniels-Midland Co. (17) 

Auburn Plastic Engineering (12, 13) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 18, 21, 22) 

Barrett Div., Allied Chemical & Dye Corp. 
(17) 

Bisonite Co., Inc. (18) 

Borden Co., Chemical Div. (17, 18) 

Cadillac Plastic & Chemical Co. (12, 13, 14) 

Capac Industries, Inc. (13, 14) 

Catalin Corp. of America (17) 

Chemical Process Co. (17) 

Coast Mfg. & Supply Co. (22) 
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Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Consoweid Corp. (13) 

Dougias & Sturgess (18) 

Dunnican Associates (22, 17) 

Durez Plastics Div., Hooker Electro. 
chemical Corp. (17, 18, 22) 

Falge Engineering Corp. (20) 

Farley & Loetscher Mfg. Co., Plastics Div. 
(13) 

Fiberite Corp. (22) 

Formica Corp. (12, 13, 14) 

General Electric Co. (22, 17) 

Haskelite Mfg. Corp. (13, 14) 

Iten Fibre Co. (13, 14) 

Lewis, J. P. Co., Plastic Products Div. (13) 

Loven Chemical Co. of California (22, 17) 

Marblette Corp. (17, 18, 21, 12, 13) 

Mica Insulator Co. (12, 13) 

Minnesota Mining & Mfg. Co. (19) 

Monsanto Chemical Co. (22, 17) 

Muehlstein, H. & Co., Inc. (22, 17) 

National Vulcanized Fibre Co. (12, 13) 

New England Laminates Co., Inc. (13) 

Northern Plastics Corp. (13, 14) 

Omni Products Corp. (22) 

Philrus Products Co. (12, 13, 14) 

Plastics Engineering Co. (22, 17) 

Pyrosil, Inc. (18, 12) 

Reichhold Chemicals, Inc. (17, 18) 

Reilly Tar & Chemical Corp. (22, 17) 

Rezolin, Inc. (18, 21) 

Rogers Corp. (22, 13, 14) 

Schenectady Varnish Co., Inc. (17, 18) 

Spaulding Fibre Co., Inc. (12, 13, 14) 

Strick Plastics Co. (21, 13) 

Synco Resins, Inc. (17, 18) 

Synthane Corp. (12, 13, 14) 

Taylor Fibre Co. (12, 13) 

Texas Glass Fiber Corp. (22) 

Thombert, Inc. (12, 13, 14) 

Varcum Chemical Corp. (17) 

Watertown Mfg. Co. (22, 17) 

Westlake Plastics Co. (12, 13, 14) 

Wilmington Fibre Specialty Co. (12, 13) 


PHOSPHOR BRONZE (see Copper) 
PIPE (see Tubing) 


PLASTER MOLD CASTINGS 


(see Castings) 


PLASTICS 
(see specific material and form) 


PLATE (see specific metal) 


PLATINUM AND PLATINUM 
GROUP ALLOYS 


American Metal Co. Ltd. (10) 

American Platinum Works 

American Silver Co., Inc. (7, 14) 

Baker & Co., Inc. (1, 2, 7, 8, 9, 10, 12, 13, 
14) 

Bishop, J. & Co. 

Eastern Smelting & Refining Corp. (10) 

General Plate Div., Metals & Controls Corp. 
(1, 7, 9, 12, 13, 14) 

Goldsmith Bros., S. & R. Co. (2, 7, 8, 9, 12, 
13, 14) 

Hagstoz, R. B. & Son (12, 13, 1, 2, 9) 

Handy & Harman (1, 2, 9, 10, 12, 13, 14) 

Hanovia Chemical & Mfg. Co. (10) 

Hardy, Charles Inc. (10) 

Leach & Garner Co., Industrial Div. 
(12, 13, 14) 

Ney, J. M. Co. 









Sel-Rex Corp. (1, 10) 

Western Gold & Platinum Co. (1, 12, 14) 

Wildberg Bros. Smelting & Refining Co. (1, 
2, 3, 7, 8, 9, 10, 12, 13, 14) 

Williams Gold Refining Co., Inc. (1, 2, 3, 7, 
8, 9, 10, 12, 14) 


POLYAMIDES 

Ace Plastics Co. (12, 14) 

American Hard Rubber Co. (12) 
American Molding Powder & Chemical Corp. 


(22) 
Anchor Plastics Co., Inc. (12, 14) 


Auburn Plastic Engineering (12, 13, 14) 

Bamberger, Claude P. Inc. (22) 

Barrett Div., Allied Chemical & Dye Corp. 
(22) 

Belding Corticelli Industries (17, 18, 22) 

Catalin Corp. of America (22) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

du Pont de Nemours, E. I. & Co., Inc. 
(17, 19, 22) 

Fiberfil, Inc. (19, 22) 

Fox Edge Co., Inc. (19) 

Fry Plastics Co. (12, 13) 

General Mills, Inc., Chemical Div. (17, 18) 

Glass Laboratories Inc. (12, 14) 

H & R Industries (20, 12, 13, 14, 18) 

Muehistein, H & Co., Inc. (22) 

National Vulcanized Fibre Co. (12) 

Polymer Corp. (20, 12, 13, 14, 22) 

Reichhold Chemicals, Inc. (17) 

Southern Plastics Co. (12, 13, 14) 

Spencer Chemical Co. (17) 

Thombert, Inc. (12, 13, 14) 

U.S. Gasket Co., Div. of Garlock Packing 
Co. (2, 9, 12) 

Westlake Plastics Co. (12, 13, 14) 


POLYCARBONATE PLASTICS 
General Electric Co. (17) 


POLYESTERS 

Adhesive Products Corp. (18) 

Alsynite Co. of America (13) 

American Cyanamid Co, Plastics & Resins 
Div. (17, 18) 

American Hard Rubber Co. (13) 

American Products Mfg. Co., Inc. (17) 

Archer-Daniels-Midland Co. (17) 

Atlas Powder Co. (18, 22) 

Auburn Plastic Engineering (12, 13) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 18) 

Barrett Div., Allied Chemical & Dye Corp. 
(17, 21) 

Boonton Molding Co. (18) 

Booty Resineers, Inc. (17) 

Brown Rubber Co., Inc. (21) 

= Plastic & Chemical Co. (18, 12, 13, 
4) 

Cast Optics Corp. (13) 

Celanese Corp. of America (17, 18) 

Chemical Process Co. (17) 

Coating Products (20) 

Cordo Molding Products, Inc. (17) 

Corrulux Div., L.0.F. Glass Fibers Co. (13) 

Douglas & Sturgess (18) 

du Pont de Nemours, E. I. & Co., Inc. 
(19) 

Durez Plastics Div., Hooker Electro- 
chemical Corp. (17, 18, 22) 

Everlite Corp. (13) 

Falge Engineering Corp. (20) 

Foamade Industries (21) 

Foss Mfg. Co., Plastics Div. (18) 

Fry Plastics Co. (17) 

General Electric Co. (18) 

Glastic Corp. (12, 13, 14) 

Glidden Co. (17) 

Haskelite Mfg. Corp. (13, 14) 


Hays Mfg. Co. (22, 13) 

Interchemical Corp. (17, 18, 21, 22) 

Loven Chemical Co. of California (17) 

Luminous Resins, Inc. (22) 

Minnesota Mining & Mfg. Co. (19) 

Mobay Chemical Co. (17) 

Muehistein, H. & Co., Inc. (17) 

National Vulcanized Fibre Co. (13) 

Naugatuck Chemical Div., U.S. Rubber Co. 
(17) 

Omni Products Corp. (17) 

Philrus Products Co. (12, 13, 14) 

Pittsburgh Plate Glass Co. (17) 

Reichhold Chemicals, Inc. (17, 18, 21) 

Robertson, H. H. Co. (17) 

Rohm & Haas Co. (17, 18) 

Schwartz Chemical Co., Inc. (18) 

Specialty Resins Co. (17) 

Strick Plastics Co. (21, 13, 14) 

Texas Plastic Development Corp. (17) 

Thalco (17) 

Thermaflow Chemical Corp. (17) 

Thiokol Chemical Corp. (17) 


POLYETHYLENES 

Ace Plastic Co. (12, 13, 14) 

Adhesive Products Corp. (18) 

Aladdin Products Co. (13) 

American Agile Corp. (18, 20, 21, 12, 13, 
14) 

American Hard Rubber Co. (12, 14) 

American Molding Powder & Chemical Co. 
(22) 

American Rattan & Reed Mfg. Co. (19) 

Anchor Plastics Co., Inc. (12, 14) 

Auburn Plastic Engineering (20, 12, 13) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 21, 22) 

Bamberger, Claude P. Inc. (22) 

Blossom Mfg. Co. Inc. (20, 13, 14) 

Cadillac Plastic & Chemical Co. (20, 12, 13, 
14) 

Campco Div., Chicago Molded Products Corp. 
(20, 13) 

Catalin Corp. of America (22) 

Celanese Corp. of America (17, 22) 

Chester Packaging Products Corp. (20, 13) 

Chippewa Plastics, Inc. (20, 13) 

Clopay Corp. (20, 13) 

Conneaut Rubber & Plastics Co. (18, 20, 22, 
12, 13, 14) 

Contour Extrusion Co. (12, 13, 14) 

Coyne & Paddock, Inc. (22) 

Crystal Corp. (13, 20) 

Dow Chemical Co. (22) 

du Pont de Nemours, E. I. & Co., inc. 
(17, 22) 

Durethene Corp. (20) 

Eastman Chemical Products, Inc. (22) 

Extruders, Inc. (13, 20) 

Falge Engineering Corp. (20) 





Fiberfil, Inc. (19, 22) 

Firestone Plastics Co. (13, 20) 

Fry Plastics Co. (13, 20) 

Fullerton Mfg. Co. (22) 

Geauga Industries Co. (12, 14) 

General Electric Co. (20) 

General Tire & Rubber Co. (13, 20) 

Genesee Lab, Inc. (17) 

Gering Products, Inc. (20, 22, 12, 13, 14) 

Glass Laboratories (12, 14) 

Goodrich-Gulf Chemicals, Inc. (17) 

Grace, W. R. & Co., Polymer Chemicals 
Div. (17) 

H & R Industries (20, 12, 13, 14) 

Harte & Co., Inc. (13, 20) 

Hercules Powder Co. (17, 22) 

Hydrawlik Co. (12, 14) 

Industrial Plastics Corp. (12, 14) 

Jet Specialties Co., Inc. (13, 20) 

KSH Plastics, Inc. (12, 13, 14) 

Kaykor Industries, Inc. (13) 

Koppers Co., Inc., Chemical Div. (17, 22) 

Kuss, R. L. & Co., Inc. (20) 

Luminous Resins, Inc, (22) 

Mason Envelope Co., Inc. (20) 

Midwest Plastic Products Co., (13, 14) 

Molded Fiber Glass Sheet Co. (13) 

Monsanto Chemical Co., Plastics Div. (17, 
18, 22) 

Muehlstein, H. & Co., Inc. (22) 

Nalge Co., Inc. (12, 13, 14) 

New England Tape Co., Inc. (14) 

Omni Products Corp. (22) 

Pacific Coast Foil Co. (20) 

Perfex Plastics, Inc. (12, 14) 

Phillips Chemical Co., Div. of Phillips Petro- 
leum Co. (22) 

Plastic Packaging Co. (20) 

Plax Corp. (20, 13) 

Polo Plastics Co. (20) 

Poly Plastic Products, Inc. (20, 13) 

Presto Plastic Products Co., Inc. (13, 20) 

Pyramid Plastics, Inc. (12, 14) 


Reed Plastics Corp. (22) 

Reliance Plastic & Chemical Corp. (20, 12, 
14) 

Reynolds Metals Co. (13, 20) 


Schwab Plastics Corp. (21, 12, 14) 

Seiberling Rubber Co., Plastics Div. (13) 

Shellmar-Betner Flexible Packaging Div., 
Continental Can Co., Inc. (13, 20) 

Simon Products Co. (20) 

Snyder Mfg. Co., Inc. (20, 13) 

Southern Plastics Co. (20, 12, 13, 14) 

Spencer Chemical Co. (17) 

SupplexCo., Div. of American Hard Rubber 
Co. (22, 12, 14) 

U.S. Industrial Chemicals Div., National Dis- 
tillers & Chemical Corp. (17, 22) 

U.S. Stoneware Co. (22) 





MATERIALS 
A—Aluminum and its alloys 
B—Copper and its alloys 
C—iron and its alloys (except 
steel) 


F—Steels 


BASIC FORMS 





D—Magnesium and its alloys 
E—Nickel and its alloys 


G—Titanium and its alloys 


17—Base resins, polymers or 


1—Anodes 12—Rod 

2—Bar 13—Sheet 
3—Billets 14—Strip 

7—Foil 

8—Ingot gums 

9—Plate 18—Laminating or 
10—Powder resins 


KEY 


H—dZinc and its alloys 
J—Thermoplastics 
K—Thermosetting plastics 
L—Elastomers 


19—Fibers or filaments 
20—Film 

21—Foams (component mate- 
rials or products) 
22—Mo!ding compounds 
23—Tube, nonmetallic (except 
plastics or rubber) 


casting 
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Suppliers of Materials 


Visking Corp., Plastics Div. (13, 20) 
Vogt Mfg. Corp. (12, 14) 

Westlake Plastics Co. (12, 13, 14, 20) 
World Plastex (12, 13, 14) 


POLYSTYRENES 
(incl copolymers and modifications) 

Adhesive Products Corp. (18) 

Ambassador Plastics & Mfg. Corp. (21) 

American Cyanamid Co., Plastics & Resins 
Div. (22) 

American Hard Rubber Co. (12, 13, 14) 

— Molding Powder & Chemical Co. 
(22) 

Anchor Plastics Co., Inc. (12, 14) 

Auburn Plastic Engineering (12, 13) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 22) 

Bamberger, Claude P. Inc. (22) 

Cadillac Plastic & Chemical Co. (20, 12, 13, 
14) 

Campco Div., Chicago Molded Products Corp. 
(20, 13) 

Capac Industries, Inc. (13, 14) 

Catalin Corp. of America (22) 

Chemical Process Co. (17) 

Chippewa Plastics, Inc. (12) 

Coating Products (20) 

Colonial Art Co., Inc. (13) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Conneaut Rubber & Plastics Co. (22, 13, 14, 
12) 

Dewey & Almy Chemical Co., Div. of W. R. 
Grace Co. (17) 

Dow Chemical Co. (17, 21, 22) 

Dura Plastics of New York, Inc. (12, 13) 

Fiberfil, Inc. (19, 22) 

Firestone Plastics Co. (17) 

Gering Products, Inc. (22, 12, 14) 

Glass Laboratories Inc. (12, 14) 

Glo-Brite Products, Inc. (21) 

Goodyear Tire & Rubber Co. (22) 

Grant, Foster Co., Inc. (17, 22) 

H & R Industries (12, 13, 14) 

Haskelite Mfg. Corp. (21) 

Industrial Plastics Corp. (12, 14) 

KSH Plastics, Inc. (12, 13, 14) 

Kaykor Industries, Inc. (13) 

Koppers Co., Inc., Chemical Div. (17, 21, 22) 

Luminous Resins, Inc. (22) 

Marbon Chemical Div., Borg-Warner Corp. 
(17, 22) 

Monsanto Chemical Co. (17, 22) 

Muehistein, H. & Co. (17, 22) 

Nesbit Industries, Inc. (21) 

Nixon Nitration Works (12, 13) 

Northwest Plastics Industries, Inc. (21) 

Omni Products Corp. (22) 

O’Sullivan Rubber Corp. (13) 

Perfex Plastics, Inc. (12, 14) 

Plax Corp. (20, 13) 

Polymer Corp. (12, 13) 

Pyramid Plastics, Inc. (12, 14) 

Reed Plastics Corp. (22) 

Schwab Plastics Corp. (21, 12, 14) 

Selberling Rubber Co., Plastics Div. (13) 

Snyder Mfg. Co., Inc. (20, 13) 

Southern Plastics Co. (20, 12, 13, 14) 

Strick Plastics Co. (21) 

Walsen Consolidated Mercantile Co. (22) 

Westlake Plastics Co. (12, 13, 14, 20) 

World Plastex (12, 13, 14) 


POLYSULFIDE RUBBER 

Adhesive Products Corp. (18) 

American Hard Rubber Co. (12, 13, 14) 
Armstrong Cork Co. (12, 13, 14) 

Boruski, Ernest F., Jr. (17) 

Home Rubber Co. (22, 12, 13, 14) 

Parker, Stearns & Co., Inc. (13, 14) 
Thiokol Chemical Corp. (17) 

Vulcanized Rubber & Plastics Co. (22) 
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POLYVINYL ALCOHOLS (see Vinyls) 


POLYVINYL CHLORIDE AND 
COPOLYMERS (see Vinyls) 


PORCELAIN (see Ceramics) 


PRECOATED METALS— 
ALUMINIZED 


American Chain & Cable Co., Inc. (F) 

Armco Steel Corp. (C, F) 

Brasco Mfg. Co. (F) 

Clad-Rex Corp. (F) 

Enamel Products Co. (F) 

Jackson Steel Products, Inc. (F) 

Mayville Metal Products Co. (F) 

Tickle, Arthur Engineering Works, Inc. (C, F, 
G) 

U.S. Steel Corp. (F) 

Whitehead Metal Products Co., Inc. (F) 

Whyte, Oliver Co., Inc. (F) 


PRECOATED METALS— 
GALVANIZED 


Albert Pipe Supply Co., Inc. (F) 

American Sheet Metal Works, Inc. (F) 

Anderson-Bolling Mfg. Co. (F) 

Appalachian Steel Corp. (F) 

Armco Steel Corp. (C, F) 

Associated Spring Corp. (F) 

Bethlehem Steel Co. (F) 

Brasco Mfg. Co. (F) 

Brewer-Titchener Corp. (F) 

Clad-Rex Corp. (F) 

Conner Mfg. Co. (F) 

Continental Nu-Stee! Metal Products Co. (F) 

Continental Steel Works Corp. (F) 

Enterprise Galvanizing Co. (F) 

Grand Sheet Metal Products Co., Consumer 
Products Div. (C) 

Granite City Steel Co. (F) 

Hobbs, Clinton E. Co. (C, F) 

Houston Blow Pipe & Sheet Metal Works (F) 

Ideal Can Co. (F) 

Inland Steel Co. (F) 

Jackson Steel Products, Inc. (F) 

Jones & Laughlin Steel Corp. (F) 

Kroh Wagner (F) 

Mahon, R. C. Co. (F) 

Mayville Metal Products Co. (F) 

McNally Pittsburg Mfg. Co. (F) 

Metal Goods Corp. (F) 

New York Iron Roofing & Corrugating Co., 
Inc. (F) 

Newport Steel Co. (F) 

Nikoh Tube Co. (F) 

Republic Steel Corp. (F) 

Riverside Foundry & Galvanizing Co. (C, F) 

Ryerson, Joseph T. & Son, Inc. (F) 

Sharon Steel Corp. (F) 

Southern Galvanizing Co. (F) 

Stenman, Bror F. (F) 

Thomas Strip Div., 
Co. (F) 

U.S. Steel Corp. (F) 

Vulcan Rail & Construction Co. (F) 

Weirton Steel Co. (F) 

Wheeling Steel Corp. (F) 

Youngstown Sheet & Tube Co. (F) 


Pittsburgh Steel 


PRECOATED METALS— 
LEAD OR TERNE COATED 


American Brass Co. (B) 

American Sheet Metal Works, Inc. (F) 
Anderson-Bolling Mfg. Co. (F) 
Appalachian Steel Corp. (F) 

Armco Steel Corp. (C, F) 

Avon Tube Div., Higbie Mfg. Co. (F) 
Brasco Mfg. Co. (F) 

Bridgeport Brass Co. (B) 

Cartwright, R. Tube Products Co. (F) 










Caspers Tin Plate Co. (F) 

Chase Brass & Copper Co. (B) 

Follansbee Steel Corp. (F) 

Houston Blow Pipe & Sheet Metal Work; 
(F) 

Hussey, C. G. Co. (B) 

Ideal Can Co. (F) 

Metal Goods Corp. (B) 

New Haven Copper Co. (B) 

Nikoh Tube Co. (F) 

Philadelphia Steel & Wire Corp. (F) 

Republic Steel Corp. (F) 

Revere Copper & Brass Corp. (B) 

Ryerson, Joseph T. & Son, Inc. (F) 

Sharon Steel Corp. (F) 

Thomas Strip Div., 
Co. (F) 

U.S. Steel Corp. (F) 

Weirton Steel Co. (F) 

Whitehead Metal Products Co., Inc. (8 
F) 


Pittsburgh Stee! 


PRECOATED METALS— 
TIN COATED 


American Sheet Metal Works, Inc. (F) 
Anderson-Bolling Mfg. Co. (F) 
Appalachian Steel Corp. (F) 
Associated Spring Corp. (F) 
Bethlehem Steel Co. (F) 

Brasco Mfg. Co. (F) 

Caspers Tin Plate Co. (F) 

Conner Mfg. Co. (F) 

Granite City Steel Co. (F) 

Inland Steel Co. (F) 

Jones & Laughlin Steel Corp. (F) 
Philadelphia Steel & Wire Corp. (F) 
Republic Steel Corp. (F) 

Riverside Foundry Co. (C) 

Somers Brass Co., Inc. (B, E) 
U.S. Steel Corp. (F) 

Weirton Steel Co. (F) 
Youngstown Sheet & Tube Co. (F) 


PRE-IMPREGNATED 
MATERIALS FOR PLASTICS 
LAMINATES 


American Reinforced Plastics Co. 

Coast Mfg. & Supply Co. 

Cordo Molding Products, Inc. 

Flexfirm Products, Inc. 

Minnesota Mining & Mfg. Co. 

Narmco Resins & Coatings Co. 

Raybestos-Manhattan, Inc., Asbestos Textiles 
Div. 

Standard Insulation Co. 

Sun Chemical Corp., Electro-Technical Prod- 
ucts Div. 

U.S. Polymeric Chemicals, Inc. 


PREPAINTED METALS 

Caspers Tin Plate Co. (A, F) 

Clad-Rex Corp. (A, F) 

Coated Coil Corp. (A, F, H) 

Cooley, W. J. & Co. (A, B, F) 

Dow Chemical Co. (D) 

Fryling Mfg. Co. (A, F) 

Hoofer Mfg. Co. (F) 

Mahon, R. C. Co. (F) 

Philadelphia Steel & Wire Corp. (F) 

Republic Steel Corp. (F) 

Reynolds Metals Co. (A) 

Rigidized Metals Corp. (A, B, F) 

Thomas Strip Div., Pittsburgh Steel 
Co. (F) 


PREPLATED METALS 
(chromium, nickel) 

Aluminum Specialty Co. (A) 

American Nickeloid Co. (A, B, F, H) 

American Silver Co., Inc. (B, E, F) 

Apollo Metal Works Co. 

Benjamin Electric Mfg. Co. (F) 











Everard Tap & Die Corp. (A, B, C, F) 

Fryling Mfg. Co. (A, B, F, H) 

Grand Sheet Metal Products Co., Consumer 
Products Div. (C) 

Kroh Wagner (F) 

Metal Trims, Inc. (A) 

Rigidized Metals Corp. (A, B, F) 

Thomas Strip Div., Pittsburgh Steel 
Co. (B, E, H) 

Wickwire Spencer Steel Div.. Colorado Fuel 

& Iron Corp. (F) 


PRESSED METAL PARTS 
(see Formed Metal Shapes) 


PROTEIN PLASTICS 
Adhesive Products Corp. (18) 
American Plastics Corp. (12, 13) 
National Casein Sales (17) 
Reichhold Chemicals, Inc. (17) 


PUNCHED METAL PARTS 
(see Stampings) 


QUARTZ (see Ceramics) 
REFRACTORIES (see Ceramics) 


REINFORCED PLASTICS 


(see Laminates) 


RHENIUM 

Chase Brass & Copper Co. (10, 12, 14) 
Kennecott Copper Corp. 

University of Tenn., Dept. of Chemistry (10) 


ROD (see specific material) 


ROLLED METAL SHAPES 
(see Formed Metal Shapes) 


RUBBER (see specific material or form) 
SAND CASTINGS (see Castings) 


SANDWICH MATERIALS 
(key letters refer to core material) 


Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Armco Steel Corp. (F) 

Artmor Plastics Corp. (K) 

Busch, J. C. Co. (A) 

Cadillac Plastic & Chemical Co. (K) 

Chemical Products Corp. (J) 

Continental Rubber Works (L) 

General Findings & Supply Co., Industrial 
Div. (B, E) 

General Tire & Rubber Co. (K) 

Glo-Brite Products, Inc. (K) 

H & R Industries (J) 

Hardy Mfg. Corp. (F) 

Haskelite Mfg. Corp. (J, K, L) 

Hawkeye Rubber Mfg. Co. (L) 

Hexcel Products, Inc. (A, F, K) 

Laragy, P. Iron Foundry, Inc. (C) 

Luminous Resins, Inc. (J) 

Lunn Laminates, Inc. (K) 

Mechanical Rubber Products Co. (K) 

Minnesota Mining & Mfg. Co. (K) 

National Moldite Co. (C) 

National Vulcanized Fibre Co. (K) 

Northwest Plastics Industries, Inc. (K) 

Quaker Rubber Div., H. K. Porter Co. (K) 

Replac Corp. (J, K, L) 

Rogers Corp. (K, L) 

Russell Reinforced Plastics Corp. (K) 

Standard Insulation Co. (K) 


Thompson, H. I. Fiber Glass Co. (J) 
West Haven Foundry Co. (A, B) 
Wittman, Lawrence & Co. (K) 

Zenith Plastics Co. (K) 


SCREW MACHINE PARTS 

Aero Screw Co., Inc. (B, C, F, E) 

Aircraft Screw Machine Products Co. (A, B, 
E, F) 

Allied Machine Products Co. (A, B, F) 

Allied Metal Products Co. (A, B, F) 

Allmetal Screw Products Co., Inc. (E, F, G) 

Aluminum Co. of America (A) 

American Electrical Products Co. (A, B, E, F) 

American Fabricated Products Co. (A, B, E, 
F) 

American Sanitary Mfg. Co. (B) 

American Screw Products Co. (A, B, F) 

Anti-Corrosive Metal Products Co., Inc. (F) 

Approved Mfg. Co., Inc. (F, B) 

Ar-Dee Screw Products Co., Inc. (A, B, E, F) 

Argosy Products, Inc. (A, B, F) 

Ashby Mfg. Co. (B, E, F) 

Atlanta Tool Co. (A, B, E, F, G) 

Auburn Spark Plug, Inc. (A, B, F) 

Auel Industries (A, B, F) 

Autel Electronics Co., Precision Machine & 
Welding Div. (A, B, C, D, F, G) 

Automatic Metal Products Corp. (B, E, F, G) 

Babson-Dow Mfg. Co. (B, E, F) 

Badger Automatic Products Corp. (A, B, E, 
F) 

Balas Collet Mfg. Co. (A, B, E, F) 

Baldwin Mfg. Co. (B, A, E, F) 

Barton Products Corp. (A, B, E, F) 

Bayley Products, Inc. (A, B, F) 

Beacon Meta! Mfg. Co. (A, B, F, G) 

Beck Products Corp. (A, B, E, F) 

Bell, David Co., Inc. (A, B, E, F, G) 

Bethandale Corp. (A, B, E, F) 

Bickford, F. H. Co. (A, B, F) 

Biddle Screw Products Co. (A, B, E, F) 

Blacher Bros., Inc. (A, B, F) 

Boehm Screw Products Co. (B, F) 

Brown Corp. (F) 

Buchmann Spark-Wheel Corp. (A, B, C, D, 
E, F) 

C & G Screw Machine Products Co. (A, B, 
F) 

Carlton Screw Products Co. (A, B, F) 

Carmel Screw Products Co. (B, F, E, G) 

Carmichael Machine Co. (A, B, E, F) 

Cartwright, R. Tube Products Co. (A, B, F) 

Cayce Corp. (A, B, F) 

Central Screw Products Co. (A, B, E, F) 

Chapman Machine Co., Inc. (A, B, E, F) 

Chardon Metal Products Co. (A, B, E, F) 

Chase Brass & Copper Co., Inc. (A, B, E) 

Chicago Screw Co. (A, B, E, F, G) 

Clendenin Bros., Inc. (B) 

Cleveland City Forge Co. (C, F) 

Cleveland Hardware & Forging Co. (F) 

Cleveland Screw Products Co. (A, B, F) 

Collis Co. (A, B, E, F) 

Columbus Dental Mfg. Co. (A, B, C, F) 

Columbus Jack Corp. (B, E, F, G) 

Columbus Production Mfg. Co. (A, B, F) 

Comerford Mfg. Co., Inc. (A, B, C, D, E, 
F, G, H) 

Condamatic Co., Inc. (A, F, G) 

Conn Perry Mfg. Co. (B, F) 

Connecticut Mfg. Co. (B, E, F) 

Couch-Uthe Co. (B, E, F) 

Curtis Screw Co., Inc. (A, B, E, F, G) 

Davis & Hemphill (A, B, E, F) 

Dawlen Corp. (A, B, C, E) 

Decatur Automatic Screw Machine Products 
Co. (A, B, E, F) 

Deerfield Mfg. Co. (A, B, E, F) 

Defiance Screw Machine Products 
Serrick Corp. (F) 

Delo Screw Products Co. (A, B, E, F) 

Dependable Automatic Screw Co. (A, B, E, F, 
G) 


Div., 









Drexel Screw Products Co. (A, B, E, F) 

Duro Screw & Mfg. Co. (A, B, E, F, G) 

Eastern Machine Screw Corp. (A, F) 

Economy Machine Products Co. (A, B, E, F) 

Electronic Parts Mfg. Co., Inc. (C, F) 

Elsby, J. S. Inc. (A, B, E, F) 

Erie Bronze Co. (A, B) 

Essential Bar Products Co. (A, B, E, F) 

Eureka Electrical Products Co. (A, B) 

Fairchild Screw Products, Inc. (A, B, E, F) 

Falls Machine Co. (A, B, F) 

Federal Screw Works (A, B, E, F) 

Femco Mfg. Co., Inc. (F) 

Fetcher, M. B. Co. (F) 

Fischer Special Mfg. Co. (A, B) 

Fordsell Machine Products Co. (B, E, F) 

Frisby, R. J. Mfg. Co. (A, B, F) 

G & G Mfg. Co. (A, B, E, F,) 

G & Z Automatic Products Co. (A, B, F) 

Gantner Screw Products Co., Inc. (A, B, E, 
F) 

General Engineering Works (A, B, E, F) 

General Findings & Supply Co., Industrial 
Div. (A, B, C, E, FD 

General Screw Products Corp. (A, B, E, F) 

Grass, M. J. Machine Products Co. (A, B, E, 
F) 

Gregg Metal Products Co. (A, B, E, F) 

Gross, Willard N. Inc. (A, B, E, F) 

H & H Screw Products, Inc. (A, B, E, F, G) 

H. & H. Screw Products Mfg. Co. (A, B, E, 
F) 

H & K Machine Service Co., Inc. (A, B, F) 

Haber Corp. (A, B, E, F, G) 

Hack, J. H. Mfg. Co. (A, B, E, F) 

Hardy Mfg. Corp. (A, B, E, F) 

Hartford Machine Screw Co. (A, B, E, F, 
G) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A, B, E, F, G) 

Harvin & Co. (A, B, E, F) 

Harwood Screw Products, Inc. (A, B, F) 

Held, 0. P. Inc. (A, B, F) 

Heller, A. B. Screw Products, Inc. (A, B, F) 

Henefelt Precision Products (A, B, E, F) 

Hercules Fastener Co. (A, C, E, F, H) 

Herker Screw Products, Inc. (A, B, F) 

Herman Machine & Tool Co. (A, B, E, F) 

Hershey Metal Products, Inc. (A, B, E, F, G) 

Holt Products Co. (A, F) 

Hoofer Mfg. Co. (A, C) 

Hoyt, Charlies D. Co., Inc. (A, B, E, F) 

Huck Mfg. Co. (A) 

Hudson Screw Machine Products Co. (A, B, 
C, D, E, F, G, 

Hunt Screw & Mfg. Co. (A, B, E, F, G) 

Huron Automatic Screw Co. (A, B, F) 

Hy-Leval Screw Products Co. (A, B, F) 

Ideal Metal Products Co. (A, B, E, F) 

Imerman Screw Products Co. (F) 

Imsande Screw Products Co. (A, B) 

Industrial Precision Products (A, B, C) 

Industrial Screw Machine Products Co. (A, 
6, E, F) 

Inland Automatic, Inc. (A, B, E, F, G) 

Instrument Parts Corp. (A, B, E, F) 

Jolens Metal Products Co. (A, B, E, F) 

Jordan Machine Products, Inc. (A, B, E, F) 

Kay-Bee Machine Products Co. (A, B, F) 

Kennedy Automatic Products, Inc. (A, B, E, 
F, G) 

Kenosha Automatic Products Co. (A, B, F) 

Kerr-Lakeside Industries, Inc. (A, B, E, F) 

Kewaunee Engineering Corp. (C) 

Kohn Engineering Corp. (A, B, E, F, G) 

Kramer, C. P. Co. (A, B, F) 

Lake Mfg. Corp. (A, B, F) 

Lamson Products Co. (A, B, E, F) 

Lattner Bros. Machining Co. (A, B, E, F) 

Latwaitis, Ernest A. (A, B, E, F) 

Lawrenceville Screw Co. (A, B, E, F) 

Lincoln Machine Parts Corp. (A, B, E, F, G) 

Lincoln Mfg. Co. Inc. (A, B, E, F) 

Linden & Co., Inc. (A, B, F) 

Livingston-Tyler Products (A, B, D, F) 
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Suppliers of Materials 


Locke Machine Co. (A, F) 

Loeffler, J. M. Co., Machine & Brass Works 
(A, B, C) 

Lorain Automatic Screw Machine Co., Inc. 
(A, B, F) 

Lubenow, Arthur Co. (A, B, E, F) 

Lundberg Screw Products Co. (A, B, F) 

Lyndon Machine Products Co., Inc. (A, B, 
F) 

M & S Mfg. Co. (A, B, F) 

Machine Products Corp. (A, B, C, D, E, F, 
G, H) 

Machinery Products Co. of Lancaster (A, B, 
E, F) 

Machinery Products Corp. (A, B, E, F) 

Mac-It Parts Co. (B, E, F) 

Main Screw Machine Products, Inc. (A, B, 
F) 

Mantel Screw Products Co. (A, B, E, F, G) 

Marquette Metal Products Co. (A, B, E, F) 

Masco Screw Products Co. (A, B, E, F) 

Massachusetts Screw Mfg. Co. (A, B, E, F) 

Maumee Machine & Tool Corp. (A, B, E, F) 

Maynard Mfg. Co. (A, B, E, F, G) 

McKinney Mfg. Co. (A, B, D, E, F) 

McLanahan & Stone Corp. (C, F) 

McMahon Bros. Machine Works, Inc. (A, B, 
E, F, G) 

Meaden Screw Products Co. (A, B, E, F) 

Measuregraph Co. (A, B, E, F, G) 

Mechanical Art Works, Inc. (A, B, E, F) 

Meier Screw Products & Mfg. Co. (A, B, C, 
D, E, F) 

Merit Screw Machine Products Co. (A, B, E, 
F, G) 

Merit Specialties Co., Inc. (A, B, D, E, F) 

Merz Machine & Tool Works (A, B, E, F) 

Micro Products Corp. (A, F) 

Mid-West Screw Products Co. (A, B, F) 

Midwest Screw Products, Inc. (A, B, E, F, 
G) 

Milford Automatics, Inc. (A, B, F) 

Milled Screw Products, Co. (A, B, E, F) 

Millers’ Brass Fitting Co., Inc. (A, B, F) 

— Machine Products Co. (A, B, E, 
F 

Milwaukee Stamping Co. (A, F) 

Mitchel & Scott Machine Co., Inc. (A, B, E, 
F) 

Modern Screw Products Co. (B, E, F) 

Monarch Tool & Mfg. Co. (F) 

Moody Machine Products Co., Inc. (A, B, F) 

Moore, George W. Inc. (B, F) 

Mueller Brass Co. (A, B, E) 

Mueller Machine Products, Inc. (A, B, E, F) 

Mutual Screw & Supply Corp. (A, B, C, F) 

Napoleon Products Co. (A, B, F) 

National Acme Co. (A, B, E, F) 

Naugatuck Automatics, Inc. (A, B, F) 

New Britain Machine Co. (A, B, F) 

New Haven Screw Machine Products, Inc. 
(A, B, E, F, G, H) 

Newtown Mfg. Co. (A, B, E, F, G) 

Nicoud Mfg. Co. (A, B, E, F) 

Noera Mfg. Co. (A, B, F) 

“ Screw Machine Products Co. (A, B, E, 

Northwest Automatic Products Corp. (A, B, 
E, F, G) 

Northwestern Machine Corp. (A, B, E, F) 

ew | Screw Machine Products Co. (A, B, 

Ohio Metal Products Co. (A, B, E, F, G) 

Ohio Screw Products, Inc. (A, B, E, F) 

Olderman Mfg. Corp. (A, B) 

Olson Mfg. Co. (A, B, E, F) 

Omco Products Corp. (A, B, C, E, F) 

Orange Roller Bearing Co. (F) 

Ostby & Barton Co., Precision Products 
Dept., Flightex Fabrics, Inc. (A, B, E, F) 

Owen Mfg., Inc. (A, B, E, F) 

Pabst Engineering Equipment Co., Inc. (A, 
B, C, D, E, F, G, H) 

Pacific Screw Products Co. (A, B, E, F) 
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Pan-American Metal Products Co., Inc. (A, 
B, E, F) 

Parker & Harper Mfg. Co. (A, B, E, F) 

Peck Spring Co. (A, B, E, F) 

Peerless Automatic Machine Co. (A, B, F) 

Peerless Industries, Inc. (A, B, F) 

Perry Fay Co. (A, B, F) 

Phillips, F. C. Inc. (B, E, F) 

Phillips Bros. Screw Products Co. (B, E, F, 
G) 

Piper Tool Co., Inc. (A, B, F) 

Pohlman, R. L. Co. (A, B, F) 

Polyphase Machine Co. (A, B, E, F, G) 

Porter Machine Co., Inc. (A, E, F) 

Precision Machine Co. (A, B, F) 

Precision Piece Parts, Inc. (F) 

Precision Screw Products Co., Inc. (A, B, E, 
F) 

Proaressive Service Co. (A, B, E, F) 

Racine Screw Co. (A, B, E, F) 

Rainier Metal Products Co. (A, B, F) 

Rasco-Veeder Co. (A, B, E, F) 

Ravenswood Machine Corp. (A, B, E, F) 

Red Devil Mfg. Co. (B, D, E, F, G) 

Redmer Sons Co. (A, B, E, F) 

Reliable Screw Machine Products (A, B, E, 
F, G) 

Remler Co., Ltd. (A, B, E, F) 

Rex Products Co. (A, B, E, F) 

Richmond Mfg. Co. (B, E, F) 

Sargent & Greenleaf, Inc. (A, B, F) 

Scovill Mfg. Co. (A, B) 

Screw Machine Engineering Co., Inc. (A, B, 
Cc, E, F) 

Searjeant Metal Products, Inc. (A, F) 

Seltzer, George H. & Co. (F) 

Sharpsville Steel Fabricators, Inc. (F) 

Sinclair Co. (A, B, F) 

Skookum Co. Inc. (F) 

Special Screw Products Co. (A, B, E, F) 

Spencer’s Sons, I. S. Inc. (B) 

Standard Screw Products Co. (A, B, F) 

Steel Heddle Mfg. Co. (A, B, C, D, E, F, G, 
H) 

Steel Industries, Inc. (A, B, F) 

Textile Shield Co., Inc. (A, B, F) 

Thompson Products, Inc. (G) 

Titan Metal Mfg. Co. (A. B) 

Union Screw & Mfg. Co. (A, B, F) 

Unity Machine & Tool Corp. (A. F) 

Wagner Specialty Co. (A, B, C, F, H) 

Wall, P. Mfg. Co. (A, B, C, F) 

Ward, H. H. Co. (A, B, C, E, F, H) 

Waterman Industries, Inc. (A, B) 

Weber-Knapp Co. (A) 

Wedler Bros., Inc. (A, B, E, F) 

Western Automatic Machine Screw Co. (A, 
B, C, D, E, F) 

Wirth, Carl, & Son, Inc. (A, B, C, D, E, F, 
G, H) 

Worth Co. (A, B, C, F) 

Wuest Bros., Inc. (A, F) 

Zeller Corp. (A, F) 


SELENIUM 

American Metal Co., Ltd. (10) 

American Nickel Alloy Mfg. Corp. (10) 

Belmont Smelting & Refining Works, Inc. 
(10) 

Federated Metals Div., American Smelting & 
Refining Co. 

Hommel, 0. Co. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries, Inc. 
(7, 8) 

Phelps Dodge Refining Corp. (10) 


SHEET (see specific material) 


SHEET FORMED PLASTICS 
PARTS (see Moldings, Sheet) 


SILICIDES (see Ceramics) 


SILICON 

Belmont Smelting & Refining Works, Inc. 
(10) 

du Pont de Nemours, E. I. & Co., Inc. (high 
purity wafers) 

Eagle-Picher Co. 

Electro Metallurgical Co., Div. of Union 
Carbide Corp. (10) 

Foote Mineral Co. (high purity wafers) 

Hardy, Charles Inc. (10) 

Lavin, R. & Sons, Inc. (8) 

Plastic Metals Div., National-U.S. Radiator 
Corp. (10) 

Sylvania Electric Products, Inc. (12) 


SILICON BRONZE (see Copper) 


SILICONE PLASTICS 

Adhesive Products Corp. (18) 

Bakelite Co., Div. Union Carbide Corp. 
(17, 22) 

Barrett Div., Allied Chemical & Dye Corp. 
(17) 

Dow Corning Corp. (17, 18, 21, 22) 

General Electric Co., Silicone Products 
Dept. (13) 

Hewitt-Robins, Inc. (21) 

Mica Insulator Co. (12, 13) 

Mid-States Rubber Products, Inc. (13, 14) 

Minnesota Mining & Mfg. Co. (19) 

National Vulcanized Fibre Co. (12, 13) 

Philrus Products Co. (12, 13, 14) 

Raybestos-Manhattan, Inc. (12, 13, 14) 

Rogers Corp. (12, 13, 14, 21, 22) 

Roth Rubber Co. (13) 

Stockwell Rubber Co., Inc. (22, 12, 13, 14) 

Synthane Corp. (13, 14) 

Taylor Fibre Co. (13) 

Union Carbide Corp., Silicones Div. (17) 


SILICONE RUBBER 

Adhesive Products Corp. (18) 

Armstrong Cork Co. (12, 13, 14) 

Connecticut Hard Rubber Co. (12, 22, 
21, 13, 14) 

Continental Rubber Works (22, 12, 13, 14) 

Dow Corning Corp. (17, 18, 22) 

General Electric Co., Silicone Products 
Dept. (17) 

Goshen Rubber Co., Inc. (22) 

Mechanical Rubber Products Co. (20, 21, 
12, 13, 14) 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Minneapolis Honeywell Regulator Co. (21) 

Raybestos-Manhattan, Inc. (12, 13, 14) 

Stockwell Rubber Co., Inc. (21, 22, 12, 13, 
14) 

Rogers Corp. (12, 13, 14, 21, 22) 

Roth Rubber Co. (13) 

Union Carbide Corp., Silicones Div. (17, 18, 
22) 

U.S. Stoneware Co. (22) 


SILVER AND ITS ALLOYS 

Alloy Metal Powders, Inc. (10) 

Alpha Metals, Inc. (1, 2, 3, 12, 13, 14) 

American Metal Co., Ltd. (8, 10) 

American Silver Co. (7, 14) 

Baker & Co., Inc. (1, 2, 7, 8, 9, 10, 12, 13, 
14) 

Belmont Smelting & Refining Works Inc. (7, 
14) 

Bunker Hill Co., Sales & Fabrication Div. 
(2) 

Eastern Smelting & Refining Corp. (10) 

Federated Metals Div., American Smelt- 
ing & Refining Co. (1) 

Fox Products Co. (1) 

Fulton Gold Refiners Corp. (1, 2, 3, 7, 8, 
10, 12, 13, 14) 


















General Plate Div., Metals & Controls Corp. 
(1, 7, 9, 12, 13, 14 

Goldsmith Bros., S. & R. Co. (1, 2, 7, 8, 9, 
10, 12, 13, 14) 

Handy & Harman (1, 2, 7, 8, 9, 10, 12, 13, 
14) 

Hanovia Chemical & Mfg. Co. (10) 

Hardy, Charles Inc. (10) 

Hogstoz, T. B. & Son (1, 8, 9, 10, 12, 13, 
14) 

Leach & Garner Co., Industrial Div. (1, 
2, 3, 7, 9, 12, 13, 14) 

Metal Goods Corp. (14) 

Metals Disintegrating Co. (10) 

Minimax Co. (10) 

Ney, J. M. Co. (12, 13, 14) 

Peerless Roll Leaf Co., Inc. (7, 14) 

Sel-Rex Corp. (1, 10) 

Western Gold & Platinum Co. (1, 7, 9, 10, 
12, 13, 14) 

Wildberg Bros. Smelting & Refining Co. (1, 
2, 3, 7, 8, 9, 10, 12, 13, 14) 

Williams Gold Refining Co. Inc. (1, 2, 3, 7, 
8, 9, 10, 12, 14) 


SLUSH MOLDINGS (see Moldings) 


SPINNINGS 

Ace Metal Spinning (A, B, C, D, E, F, G, 
H) 

Acme Metal Spinning, Inc. (A, B, C, D, E, 
F, H) 

Aluminum Goods Mfg. Co. (A) 

Aluminum Specialty Co. (A) 

Anchor Metal Spinning (A, B, C, D, E, F, 
G, H) 

Bartlett-Thompson Co., Inc. (A, B, E, F) 

Bergfels, William & Co. (A, B, C, E, F, H) 

Broadway Mfg. Co. (A, B, C, F) 

Brooks & Perkins, Inc. (D, G) 

Chase Brass & Copper Co. (B) 

Commercial Shearing & Stamping Co. (A, B, 
D, E, F) 

Craft Mfg. Co. (A, B, C, D, E, F, G, H) 

Cyril Bath Co. (A, F) 

Dow Chemical Co. (D) 

Emerson-Sack-Warner Corp. (A, B, C. D, E, 
F, G, H) 

Garco Mfg. Co., Inc. (A, B, D, E, F, G, H) 

General Alloys Co. (A, B, E, F) 

Greene, G. G. Corp. (A, F) 

H & H Tube & Mfg. Co. (B) 

Hardy Mfg. Corp. (A, F) 

Kenmore Machine Products, inc. (B) 

Kling Metal Spinning « Stamping Co. (A, 
B, C, D, E, F, HW) 

Legion Utensils Co. (B, E, F) 

Morse, Fred W. Co. (A, B, F) 

Muncie Metal Spinning, Inc. (A, B, F) 

Murray Tube Works, Inc. (A, B, F) 

Pabst Engineering Equipment Co., Inc. 

Perrin, Edward C. Co. (A, B, F) 

Phoenix Products Co. (A, B, C, D, E, F, G, 
H) 

Precision Metal Spinning Co. (A, B, C, D, E, 
F) 

Premier Metal Works, Inc. (A, B, F) 

Republic Steel Corp. (F) 

Reynolds Metal Co. (A) 

Searjeant Metal Products Inc. (A, F) 

Seattle Boiler Works, Inc. (A, F) 

Smith-Victor Corp. (A) 

Spincraft, Inc. (A, B, C, D, E, F, G, H) 

Stainless Metals, Inc. (F) 

Stirrup Metal Products Corp. (A, B, F) 

Teiner, Roland Co., Inc. (A, B, C, D, E, 
F, G) 

Toledo Stamping & Mfg. Co. (A, B, F, G) 

Torngren, C. W. Co., Inc. (A, B, C, D, E, 
F, G, H) 

Ward, H. H. Co. (A, B) 

Wickwire Spencer Steel Div., Colorado Fuel 

& Iron Corp. (A, B, E, F, G) 









STAMPINGS, PUNCHINGS 

Ackermann Mfg. Div., Wheeling Steel Corp. 
(F) 

Acme Mfg. & Gasket Co. (A, B, E, F) 

Acme Metal Spinning, Inc. (A, B, C, D, E, 
F, H) 

Acme Stamping & Mfg. Co. (A, B, C, D, E, 
F) 

Acorn Sheet Metal Mfg. Co., Inc. (F) 

Acro Metal Stamping Co. (A, B, E, F) 

Adams, S. G. Metalware Co. (A, B, C, D, E, 
F, H) 

Aerolite Electronics Corp. (A, B, C, F) 

All-Form Metal Products Co. (A, B, C, E, 
F) 

Alloy Products Corp. (F) 

Almco Steel Products Corp. (A, B, C, F) 

Alofs Mfg. Co. (A, B, E) 

Alox Mfg. Co. (A, B, C, E, F) 

Alpha Products, Inc. (A, F) 

Aluminum Co. of America (A) 

Aluminum Goods Mfg. (A) 

Aluminum Specialty Co. (A) 

American Emblem Co., Inc. (A, B, F) 

American Kitchens Div., Avco Mfg. Corp. (F) 

American Mfg. Co. (A, F) 

American Stamping Co. (A, B, F) 

Anchor Metal Co., Inc. (A, H) 

Anderson-Bolling Mfg. Co. (A, F) 

Anderson, 0. L. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Anthes Force Oiler Co. (A, F) 

Anti-Corrosive Metal Products Co., Inc. (F) 

Armor Metal Products Co. (A, F) 

Art Wire & Stamping Co. (A B, C, D, E, 
F, G, H) 

Associated Spring Corp. (F) 

Auburn Mfg. Co. (A, B, C, D, E, F, G, H) 

Auel Industries (A, B, E, F) 

Auld, D. L. Co. (A, B) 

Autel Ejectronics Co., Precision Machine & 
Welding Div. (A, B, C, D, F, G) 

Backus Novelty Co. (A, B, C E, F) 

Barclay Mfg. Co. (C) 

Bartlett-Thompson Co Inc. (A, B, E, F) 

Bay State Stamning Co. (A, B, F) 

Beacon Meta’ Mfg. Co. (A, B, F) 

Behringer Metal Works, Inc. (A, B, C, F) 

Belmet Products, Inc. (A, B, F) 

Renjamin Electric Mfg. Co. (F) 

Bennett Mfg. Co. (A, B, D, F) 

Biersach & Niedermeyer Co. (A, F) 

Blacher Bros., Inc. (A, B, F) 

Blaco Mfg. Co. (B, F) 

Brandt, Charles T. Inc. (A, B, C, E, F) 

Brewer-Titchener Corp. (A, F) 

Campbell, A. S. Co., Inc. (A, F) 

Carroll Pressed Metal Inc. (A, B, E, F) 

Cartwright, R. Tube Products Co. (A, B, F) 

Chase Brass & Copper Co. (B) 

Clendenin Bros. Inc. (A, B) 

Cleveland Metal Products Co. (A, B, E. F) 

Cleveland Pressed Products Corp. (F) 

Cly-Del Mfa. Co., Inc. (A, B, E, F, H) 

Columbia Metal Stamping Co. (A. F) 

Columbus Dental Mfa. Co. (A, B, C, F) 

Comerford Mfg. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Commercial Shearing and Stamping Co. (A, 
B, E, F) 

Cooley, W. J. & Co. (A, B, F) 

Craft Mfg. Co. (A, B, C, D. E, F, G, H) 

Cuyahoga Stamping Co. (A, B, F) 

Cyril Bath Co. (A, D, E, F, G) 

Dare Products, Inc. (F) 

Dearborn Stamping Co. (F) 

Defiance Metal Products Co. (A, F) 

Defiance Stamping Co. (F) 

Detroit Stamping Co. (A, B, F) 

Dolin Metal Products, Inc. (A, F) 

Dow Chemical Co. (D) 

Duplex Mfg. Corp. (A, F) 

Duplicon Co., Inc. (A, B, C, D, E, F, G, H) 

Eastern Tool & Mfg. Co. (A, B, F) 








Electric Materials Co. (B) 

Electronic Parts Mfg. Co., Inc. (C, E, F) 

Emerson-Sack-Warner Corp. (A, B, C, D, 
E, F, G, H) 

Empire Spring Co. (A, B, F) 

Enamel Products Co. (A, F) 

Etched Products Corp. (A, B, F) 

Eureka Electrical Products Co. (A, B) 

Everard Tap and Die Corp. (A, F) 

Falstrom Co. (A, B, D, F) 

Farwell Metal Fabricating (A, B, C, 
F) 

Federal Tool Corp. (A, B, C, F) 

Federal Tool & Mfg. Co. (A, B, C, E, F) 

Figley Die & Stamping Co. (A, B, F) 

FitzSimons Mfg. Co. (A, B, F) 

Follansbee Steel Corp., Sheet Metal Specialty 
Div. (A, B, F) 

Forg, Peter Mfg. Co. (A, B, C, E, F, H) 

Formold Plastics, Inc. (A, B, F) 

Fox Products Co. (C) 

Fryling Mfg. Co. (A, B, E, F, HH) 

Garco Mfg. Co., Inc. (A, B, C, D, E, F, G, H) 

Gary Steel Products Corp. (A, F) 

General Alloys Co. (A, B, E, F) 

General Findings & Supply Co., Industrial 
Div. (A, B, C, E, F) 

Geometric Stamping Co. (A, B, F) 

Gerstenslager Co. (A, F) 

Geuder, Paeschke & Frey Co. (A, B, C, F) 

Grammes, L. F. & Sons, Inc. (A, B, F) 

Grand Haven Stamped Products Co. (A, B, 
F, H) 

Grand Sheet Metal Products Co., Consumer 
Products Div. (A, B, C, D, E, F, G, H) 

Greene, G. G. Corp. (A, B, D, E, F, H) 

Greene Mfg. Co. (A, F) 

Guarantee Specialty Mfg. Co. (A, B, C, F, H) 

H PL Mfg. Co. (A, B, F) 

Haigh Mfg. Co. (A, B, F) 

Hardy Mfg. Corp. (A) 

Headly Mfg. Co. (A, B, C, D, E, F, G, H) 

Heyman Mfg. Co. (A, B, F) 

Hoofer Mfg. Co. (A, F) 

Houston Blow Pipe & Sheet Metal Works (A, 
B, F) 

Hunter Spring Co. (B, F) 

Indus Corp. (A, F) 

Industrial and Furnace Car Div., Irwin Foun- 
dry and Mine Car Co. (F) 

Industrial Precision Products (A, B, C, D, E, 
F, G, H) 

Interlake Mfg. Co. (A, F) 

Irvington Form & Tank Corp. (A, B, F) 

Jackson Auto Radiator (A, B, F) 

Jarco Metal Products (A, B, F, H) 

Judd Industries, Inc. (A, B, F) 

K-D Mfg. Co. (F) 

Kets, F. D. Mfg. Co. (A, B, C, F) 

Kickhaefer Mfg. Co. (A, B, F) 

King Laboratories, Inc. (E, F) 

Kirchhof Patent Co., Inc. (A, B, C, E, F, H) 

Kling Metal Spinning & Stamping Co. (A, B, 
C, D, E, F, H) 

Krueger & Hudepohl Inc. (A, B, C, E, F) 

Larkin Specialty Mfg. Co. (A, B, F) 

Larson Tool & Stamping Co. (A, B, C, D, E, 
F, G, H) 

Laystrom Mfg. Co. (A, B, C, E, F, H) 

Leake Stamping Div., Monarch Products Co. 
(A, B, E, F, G) 

Legion Utensils Co. (B, E, F) 

Linden & Co., Inc. (A, B, F) 

Lynn, Gary Co. (A, B, F) 

Machine Products Corp. (A, B, C, D, F) 

Magnesium Co. of America (D) 

Magnetic Stamping Co. (A, B, F) 

Mayville Metal Products Co. (A, B, F) 

McDowell Mfg. Co. (A, B, F) 

McKinney Mfg. Co. (A, B, D, E, F) 

McLanahan & Stone Corp. (C, F) 

Melco Wire Products (A) 

Metal Forming Corp. (A, B, C, D, 

E, F, G, H) 
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Metal Parts & Stamping Co. (A, B, C, E, 
F, G, H) 

Metallurgical Products Co. (A, B, E, G, H) 

Milwaukee Stamping Co. (A, B, F) 

Misner Corp. (A, B, C, F) 

Mitchell Metal Products, Inc. (F) 

Monarch Tool & Mfg. Co. (A, B, F) 

Morrison Steel Products, Inc. (F) 

Morse, Fred W. Co. (A, B, D, E, F, G, H) 

Nichols, L. 0. & Son Mfg. Co. (A, B, C, E, 
F, H) 

Nigg Engineering Corp. (A, B, C, F) 

Noera Mfg. Co. (A, B, F) 

Norcross, C. S. & Sons Co. (F) 

Ohio Nut & Washer Co. (A, F) 

Ormond Mfg. Co., Inc. (A, B, C, E, F, H) 

Pabst Engineering Equipment Co., Inc. (A, 
B, C, D, E, F) 

Parish Pressed Steel Div., Dana Corp. (A, F, 
G) 

Parker, Charles Co. (A, E) 

Parker Metal Goods Co. (A, B, F) 

Pemco Wheel Co. (F) 

Penrod, Floyd & Sons Tool & Engineering 
Corp. (A, B, F) 

Peterson Products Corp. (A, B, E, F) 

Pierce Governor of Ohio Inc. (A, F) 

Pittsburgh Forgings Co. (F) 

Powell Pressed Steel Co. (A, F) 

Premier Metal Works, Inc. (A, B, E, F) 

Presswork Inc. (A, B, F) 


Reed & Prince Mfg. Co. (A, 38, F) 

Regal Ware, Inc. (A, B, F) 

Reliable Spring & Wire Forms Co. (A, B, 
E, F) 

Republic Steel Corp. (F, G) 

Rex Metal Parts Co. (A, F) 

Reynolds Metals Co. (A) 

Rochester Novelty Works Inc. (A, F) 

Rockwell Spring & Axle Co. (A, B, C, D, E, 
F, G, H) 

Rogers Dayton Mfg. Co. (A, B, F) 

Roth Steel Products Co. (F) 


St. Marys Carbon Co. (A, B, E, F) 

Salem Tool Co. (F) 

Sargent & Greenleaf, Inc. (A, B, F) 

Scovill Mfg. Co. (A, B) 

Searjeant Metal Products Inc. (F) 

Servwell Products Co. (B, F) 

Shakeproof Div., Illinois Tool Works (B, F) 

Shank Metal Products Co. (A, F) 

Sheet Metal Mfg. Co. (A, F) 

Shelby Mfg. Co. (F) 

Simonsen Metal Products Co. (A, F) 

Sinclair Co. (B, F) 

Sioux City Foundry & Boiler Co. (F) 

Smith-Victor Corp. (A, F) 

South River Metal Products Co., Inc. (A, D, 
F) 

Southern Car & Mfg. Co., Inc. (A, B, F) 

Spincraft, Inc. (A, B, F) 

Stainless Metals, Inc. (F) 

Stamford Metal Specialty Co., Inc. (A, E, 
F) 

Standard Forge & Axle Co., Inc. (F) 

Standard Nut & Bolt Co. (A, B, E, F) 

Standard Steel Sections, Inc. (A, B, C, F) 

Starr Stamping Co. (A, B, F) 

Staver Co., Inc. (A, B, C, D, E, F, G, H) 

Steel Heddle Mfg. Co. (A, B, C, D, E, F, 
G, H) 

Steel Industries, Inc. (A, B, F) 

Stenman, Bror F. (A, F) 

Stimpson, Edwin B. Co., Inc. (A, B, E, F, H) 

Stirrup Metal Products Corp. (A, B, F) 

Textile Shield Co., Inc. (A, B, F) 

Toledo Stamping & Mfg. Co. (A, B, F, G) 

Transue-Williams (A, E, F) 

Triangle Stamping Co. (A, B, C, E, F, H) 

Turner & Seymour Mfg. Co., Inc. (A, B, F) 

United Metal Products Corp. (A, B, F) 


U.S. Gasket & Shim Co. (A, B, C, D, F, H) 

Unity Machine & Tool Corp. (A, B, F) 

Victor Steel Products Corp. (F) 

Von Volkenburg, L. A. Co. (A, F) 

WLS Stamping Co. (A, B, D, E, F, H) 

Wagner, E. R. Mfg. Co. (A, B, C, F, H) 

Wagner Specialty Co. (A, B, C, F, H) 

Wall, P. Mfg. Co. (A, B, F) 

Ward, H. H. Co. (A, B, C, E, F, H) 

Waterbury Buckle Co. (A, F, H) 

Waterbury Companies, Inc. (B, F) 

Waterman Industries, Inc. (A, B, F) 

Wayne Foundry & Stamping Co. (A, B, C, 
D, F, G) 

Weber-Knapp Co. (A, F) 

Welding Apparatus Co. (A, E, F) 

Wesbar Stamping Corp. (A, F) 

Wesco Spring Co. (A, B, F) 

Western Tool & Die Works (A, B, F) 

Wilder Mfg. Co., Inc. (A, B, C, F) 

Williams, F. B. (F) 

Williams, H. E. Products Co. (A, B, C, F, H) 

Wirth, Carl & Son, Inc. (A, B, F) 

Wisconsin Gasket & Mfg. Co. (A, B, F) 

Wood, John Co. (F) 

Woolf Aircraft Products, Inc. (A, B, F) 

Worcester Pressed Steel Co. (A, B, C, D, E, 
F, G, H) 

Worcester Stamped Metal Co. (A, B, E, F, G, 
H) 

Worth Co. (A, B, D, F) 

Wrought Wire Mfg. Co. (A, B, D, E, F, H) 

Wuest Bros., Inc. (A, B, C, F) 

Youngstown Kitchens Div., American Standard 
Co. (A, F) 

Youngstown Mfg., Inc. (A, F) 


STEATITE (see Ceramics) 


STEEL, CARBON 

Acme-Newport Steel Co. (8, 9, 13) 

Alan Wood Steel Co. (9, 13, 14) 

Alco Products, Inc. (3) 

Allegheny Ludium Steel Corp. (14) 

Alloy Metal Powders, Inc. (10) 

Almco Steel Products Corp. (2, 9, 12, 13, 
14) 

Amalgamated Steel Corp. (2, 12) 

American Metal Products, Inc. (13) 

Ames, W. & Co. (2) 

Armco Steel Corp. (2, 9, 13) 

Athenia Steel Co. (14) 

Bethlehem Steel Co. (2, 3, 9, 12, 13, 14) 

Bliss & Laughlin, Inc. (2) 

Cannon-Muskegon Corp. (3, 8) 

Colorado Fuel and Iron Corp. (9, 12) 

Copperweld Steel Co. (2, 3, 8) 

Crucible Steel Co. of America (2, 3, 8, 9, 
12, 13, 14) 

Detroit Steel Corp., Portsmouth Div. (3, 8, 
12, 13) 

Enterprise Wheel & Car Corp. (2, 9, 13) 

Franklin Steel Div., Borg-Warner Corp. (2) 

Frasse, Peter A. & Co. (2, 13) 

Gary Steel Products Corp. (2, 9, 13) 

Granite City Steel Co. (8, 9, 13) 

Inland Steel Co. (2, 3, 9, 12, 13, 14) 

Isaacson Iron Works (3, 8) 

K-D Mfg. Co. (2) 

Keystone Drawn Steel Co. (2) 

Keystone Steel & Wire Co (8, 12) 

Larson, Charles E. & Sons, Inc. (2) 

La Salle Steel Co. (2) 

Levinson Steel Co. (2, 9, 12, 13, 14) 

Lockport Mfg. Co. (9) 

Lukens Steel Co. (9) 

Luria Engineering Co. (9, 12, 13) 

Mahon, R. C. Co. (2, 9, 12, 13, 14) 

McCarter Iron Works, Inc. (2, 9, 12, 13) 

McInnes Steel Co. (2) 

McLouth Steel Corp. (13, 14) 


Bold face indicates supplier advertises product In this Issue 
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Midvale-Heppenstall Co. @G, 8) 

Mitchell Metal Products, Inc. (9, 13) 

Newman-Crosby Steel Co. (14) 

New York Iron Roofing & Corrugating Co. 
Inc. (13) 

Pacific States Steel Corp. (2, 3, 8) 

Pacific Tube Co. (2) 

Pittsburgh Forgings Co. (2, 3) 

Pittsburgh Steel Co. (1, 8, 12, 13, 14) 

Porter, H. K. Co., Inc. (2, 3) 

Republic Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Roebling’s Sons, John A. Corp. (3, 12, 14) 

Rome Strip Steel Co., Inc. (13, 14) 

Ross-Meehan Foundries (2) 

Ryerson, Joseph T. & Son, Inc. (2, 9, 13, 14) 

St. Louis Steel Casting Inc. (1) 

Sandvik Steel, Inc. (14) 

Sharon Steel Corp. (13, 14) 

Sharpsville Stee! Fabricators, Inc. (2, 9, 12 
13) 

Siegal Steel Co. (2, 12, 13, 14) 

Simonds Saw and Steel Co. (13, 14) 

Smith-Moon Steel Co. (2, 9, 12, 13, 14) 

Standard Steel Works Div., Baldwin-Lima- 
Hamilton Corp. (2, 3) 

Superior Drawn Steel Co. (2) 

Superior Steel Corp. (14) 

Sweet’s Steel Co. (2) 

Thompson Wire Co. (14) 

Thomson Industries, Inc. (12) 

Topeka Foundry & Iron Works Co., Inc. (2, 
9, 12, 13, 14) 

Trojan Steel Co. (2, 9, 12, 13, 14) 

Union Iron Works (9, 12, 13, 14) 

U.S. Challenge & Challenge Co. (12) 

U.S. Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Vacuum Metals Corp., Div. Crucible Steel Co. 
of America (2, 3, 8, 12, 13, 14) 

Vanadium-Alloys Steel Co. (2, 3, 8 9, 10, 
12, 13) 

Washburn Wire Co., Phillipsdale Div. (3, 12, 
14) 

Weirton Steel Co. (3, 13, 14) 

Western Automatic Machine Screw Co. (2) 

Western Iron & Foundry Co., Inc. (2, 9, 12, 
14) 

Wickwire Spencer Steel Div., Colorado Fuel 
and Iron Corp. (8, 9) 

Wyckoff Steel Co. (2) 

Youngstown Sheet & Tube Co. (2, 12, 13, 
14) 





STEEL, CARBON—CASTINGS 

Adirondack Foundries & Steel, Inc. 

Allied Steel Castings Co. 

Alloy Cast Steel Co. 

Alloy Precision Castings Co. 

Alloy Steel & Metals Co. 

American Cast Iron Pipe Co. 

American S*-el Foundries 

Arneson Fou:-Jry, Inc. 

Arwood Precision Casting Corp. 

Atlantic Foundry Co. 

Auto Specialties Mfg. Co. 

Beaver Valley Alloy Foundry Co. 

Bethlehem Steel Co. 

Birdsboro Steel Foundry & Machine Co. 

Calumet Steel Castings Corp. 

Campbell, Wyant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Continental Foundry & Machine Co. 

Crucible Steel Casting Co. 

Crucible Steel Co. of America 

Dayton Steel Foundry Co. 

Eastern Malleable Iron Co. 

Electric Steel Castings Co. 

Electric Steel Foundry Co. 

Farrel-Birmingham Co., Inc. 

Federal Steel Products Corp. 

General Electric Co., Foundry Dept. 

Glover Machine Works 

Gunite Foundries Corp. 

Hughes Tool Co. 

Illinois Precise Casting Co. 

Jones & Laughlin Steel Corp. 















Kay-Brummer Steel Products, Inc. 

LF M Mfg. Co., Inc. 

Lebanon Steel Foundry 

Lectromelt Casting Div., 
Mold Co. 

Los Angeles Steel Casting Co. 

Mackintosh-Hemphill Div., E. W. Bliss Co. 

Minneapolis Electric Steel Casting Co. 

National Iron Co. 

National Supply Co. 

Ohio Steel Foundry Co. 

Oklahoma Steel Castings Co. 

Olympic Steel Works 

Omaha Steel Works 

Pittsburgh Steel Foundry Corp. 

Posey Iron Works, Inc. 

Pratt & Letchworth Div., Dayton Malleable 
Iron Co., Inc 

Racine Steel Castings Co. 

Reliance Steel Casting Co. 

Ross-Meehan Foundries 

St. Louis Steel Casting Inc. 

Sandusky Foundry and Machine Co. 

Scullin Steel Co. 

Sharpsville Steel Fabricators, Inc. 

Sivyer Steel Casting Co. 

Skookum Co., Inc. 

Standard Steel Works Div., Baldwin-Lima- 
Hamilton Corp. 

Strong Steel Foundry Co. 

Superior Steel & Malleable Castings Co. 

Swedish Crucible Steel Co. 

Texas Foundries, Inc. 

Texas Steel Co. 

Unien Iron Works 

Union Spring & Mfg. Co. 

Unitcast Corp. 

Valley Steel Casting Co. 

Vulcan Iron Works 

Washington Iron Works 

Westlectric Castings, Inc. 

Worthington Corp. 


Akron Standard 


STEEL, HEAT AND CORROSION 
RESISTANT 


Alco Products, Inc. (3) 

Allegheny Ludium Steel Corp. (2, 3, 9, 
12, 13, 14) 

Alloy Metal Powders, Inc. (10) 

Alloy Metal Products, Inc. (3, 8) 

American Silver Co., Inc. (7, 14) 

Armco Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Bethlehem Steel Corp. (2, 9, 12, 13, 14) 

Cannon-Muskegon Corp. (2, 3, 8, 13) 

Carison, G. O. Inc. (2, 9) 

Carpenter Steel Co. (2, 3, 8, 12, 14) 

Crucible Steel Co. of America (2, 3, 8, 9, 
12, 13, 14) 

Eastern Stainless Steel Corp. (9, 13) 

Frasse, Peter A. & Co., Inc. (2, 3, 13, 14) 

Gary Steel Products Corp. (2, 9, 13) 

Hardy, Charles Inc. (10) 

Hoeganaes Sponge Iron Corp. (10) 

Krueger Fabricating Co., Inc. (13) 

Larson, Charles E. & Sons Inc. (2) 

Latrobe Steel Co. (2, 3, 8) 

Lockport Mfg. Co. (9) 

Lukens Steel Co. (9) 

McCarter Iron Works Inc. (2, 9, 12, 13) 

McInnes Steel Co. (2) 

Midvale-Heppenstall Co. (3, 8) 

Mitchell Metal Products, Inc. (13) 

New Jersey Metals Co. (8) 

Penn Precision Products, Inc. (7, 14) 

Republic Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Ross-Meehan Foundries (2) 

— Joseph T. & Son, Inc. (2, 9, 13, 


Sandvik Steel, Inc. (14) 

Sharon Steel Corp. (13, 14) 

Sharpsville Steel Fabricators, Inc. (2, 9, 12, 
13) 

Simonds Saw and Steel Co. (13, 14) 

Smith-Moon Steel Co. (2, 9, 13, 14) 


Superior Steel Corp. (14) 

Timken Roller Bearing Co. (2, 3) 

U.S. Challenge & Challenge Co. (12) 

U.S. Steel Corp. (2, 3, 6, 8, 9, 12, 13, 14) 

Vacuum Metals Corp., Div. Crucible Steel Co. 
of America (2, 3, 8, 12, 13, 14) 

Vanadium-Alloys Steel Co. (10) 

Wallingford Steel Co. (7, 14) 

Washington Steel Corp. (13, 14) 

Whitehead Metal Products Co., Inc. (9, 
12, 13, 14) 


STEEL, HEAT AND CORROSION 
RESISTANT-——CASTINGS 


Adirondack Foundries & Steel, Inc. 

Allegheny Ludium Steel Corp. 

Alloy Precision Castings Co. 

American Brake Shoe Co. 

American Cast Iron Pipe Co. 

American Steel Foundries 

Apex Steel Corp., Ltd. 

Arwood Precision Casting Corp. 

Babcock & Wilcox Co. 

Beaver Valley Alloy Foundry Co. 

Blaw Knox Co., National Alloy Div. 

Bonney-Floyd Co. 

Calorizing Co. 

Campbell, Wyant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Carondelet Foundry Co. 

Cooper Alloy Corp. 

Crucible Steel Casting Co. 

Crucible Steel Co. of America 

Curtiss-Wright Corp. 

Donegal Steel Foundry Co. 

Driver-Harris Co. 

Duraloy Co. 

Duriron Co., Inc. 

Electric Steel Foundry Co. 

Electro Alloys Div., American Brake Shoe Co. 

Fahralloy Co. 

Frasse, Peter A. & Co., Inc. 

General Alloys Co. 

Hanford Foundry Co. 

Illinois Precise Casting Co. 

Ingersoll-Rand Co. 

Janney Cylinder Co. 

Lebanon Steel Foundry 

Los Angeles Steel Casting Co. 

Michigan Steel Casting Div., Consolidated 
Foundries & Mfg. Corp. 

Ohio Steel Foundry Co. 

Oklahoma Steel Castings Co. 

Pittsburgh Steel Foundry Corp. 

Quaker Alloy Casting Co. 

Ross-Meehan Foundries 

Sandusky Foundry and Machine Co. 

Sharpsville Steel Fabricators, Inc. 

Shawinigan Chemicals Ltd. 

Sivyer Steel Casting Co. 

Skookum Co., Inc. 

Stainless Foundry & Engineering, Inc. 

Stanwood Corp. 

Symington-Gould Corp. 

Union Iron Works 

U.S. Pipe & Foundry Co. 

Welland Electric Steel Foundry Ltd. 

Westalloy Div., West Steel Casting Co. 


STEEL, LOW ALLOY 
Acme-Newport Steel Co. (9, 13, 14) 
Alan Wood Steel Co. (9, 13, 14) 
Alco Products, Inc. (3) 
Amalgamated Steel Corp. (2, 12) 
Bethlehem Steel Co. (2, 9, 12, 13, 14) 
Bliss & Laughlin, Inc. (2) 
Cannon-Muskegon Corp. (2, 3, 8, 13) 
Copperweld Steel Co. (2, 3) 
Crucible Steel Co. of America (2, 3, 8, 9, 
12, 13, 14) 
Enterprise Wheel & Car Corp. (9, 13) 
Frasse, Peter A. & Co., Inc. (2) 
Great Lakes Steel Corp. (2, 9, 12, 13) 






Hardy, Charles Inc. (10) 

Hoeganaes Sponge Iron Corp. (10) 

Keystone Drawn Steel Co. (2) 

Larson, Charles E. & Sons Inc. (2) 

La Salle Steel Co. (2) 

Levinson Steel Co. (9, 13) 

Lincoln Steel Corp. (13) 

Lukens Steel Co. (6, 9) 

McInnes Steel Co. (2) 

Midvale-Heppenstall Co. (3, 8) 

Pittsburgh Forgings Co. (2, 3) 

Plastic Metals Div., National Radiator Co. 
(10) 

Porter, H. K. Co., Inc. (2, 3) 

Republic Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Ross-Meehan Foundries (2) 

St. Louis Steel Casting Inc. (1) 

Sandvik Steel, Inc. (14) 

Sharon Steel Corp. (13, 14) 

Sharpsville Steel Fabricators, Inc. (2, 9, 12, 
13) 

Sheffield Div., Armco Steel Corp. (9, 14) 

Simonds Saw and Steel Co. (13, 14) 

Smith-Moon Steel Co. (2, 9, 13) 

Standard Steel Works Div., Baldwin-Lima- 
Hamilton Corp. (2, 3) 

Thompson Wire Co. (14) 

Union Iron Works (12) 

U.S. Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Vacuum Metals Corp., Div. Crucible Steel Co. 
of America (2, 3, 8, 12, 13, 14) 

Vanadium-Alloys Steel Co. (10) 

Washburn Wire Co., Phillipsdale Div. (, 12, 
14) 

Western Automatic Machine Screw Co. (2) 

Wickwire Spencer Steel Div., Colorado Fuel 
and Iron Corp. (8, 9) 

Wyckoff Steel Co. (2) 

Youngstown Sheet & Tube Co. (2, 12, 13, 
14) 


STEEL, LOW ALLOY— 
CASTINGS 


Adirondack Foundries & Steel, Inc. 

Allied Steel Castings Co. 

Alloy Cast Steel Co. 

Alloy Precision Castings Co. 

Alloy Steel & Metals Co. 

American Brake Shoe Co. 

American Cast Iron Pipe Co. 

American Manganese Steel Div., American 
Brake Shoe Co. 

American Steel Foundries 

Arwood Precision Casting Corp. 

Atlantic Foundry Co. 

Auto Specialties Mfg. Co. 


Beaver Valley Alloy Foundry Co. 
Birdsboro Steel Foundry & Machine Co. 


Campbell, Wyant and Cannon Foundry Co., 
Div. of Textron, Inc. 

Carondelet Foundry Co. 

Crucible Steel Casting Co. 

Crucible Steel Co. of America 

Dayton Steel Foundry Co. 


Electric Steel Castings Co. 

Electric Steel Foundry Co. 

Federal Steel Products Corp. 

General Electric Co., Foundry Dept. 

Glover Machine Works 

Grafton Foundry Co. 

Gunite Foundries Corp. 

Hughes Tool Co. 

Illinois Precise Casting Co. 

Jones & Laughlin Steel Corp. 

L F M Mfg. Co., Inc. 

Lebanon Steel Foundry 

Lectromelt Casting Div., Akron Standard 
Mold Co. 

Los Angeles Steel Casting Co. 

Mackintosh-Hemphill Div., E. W. Bliss Co. 

Minneapolis Electric Steel Castings Co. 

National Iron Co. 

National Supply Co. 
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Oklahoma Steel Castings Co. 

Olympic Stesi Works 

Omaha Steel Works 

Pittsburgh Steel Foundry Corp. 

Pratt & Letchworth Div., Dayton Malleable 
Iron Co., Inc. 

Reliance Steel Casting Co. 

Ross-Meehan Foundries 

St. Louis Steel Casting Inc. 

Sandusky Foundry and Machine Co. 

Sharpsville Steel Fabricators, Inc. 

Sivyer Steel Casting Co. 

Strong Steel Foundry Co. 

Swedish Crucible Steel Co. 

Texas Foundries, Inc. 

Texas Steel Co. 

Union Iron Works 

Union Spring & Mfg. Co. 

Unitcast Corp. 

Valley Steel Casting Co. 

Vulcan Iron Works 

Washington Iron Works 

Westlectric Castings, Inc. 

Worthington Corp. 


STEEL, SPECIALTY 
(electrical, magnet, nitriding, etc.) 

Acme-Newport Steel Co. (13) 

Allegheny Ludium Steel Corp. (2, 13 
14) 

Alloy Metal Powders, Inc. (10) 

Amalgamated Steel Corp. (2, 12) 

American Silver Co., Inc. (7, 12) 

Cannon-Muskegon Corp. (2, 3, 8, 13) 

Carpenter Steel Co. (2, 3, 8, 12, 14) 

Crucible Steel Co. of America (2, 3, 8, 9, 
12, 13, 14) 

Hoeganaes Sponge Iron Corp. (10) 

Inland Steel Co. (13) 

Larson, Charles E. & Sons Inc. (2) 

La Salle Steel Co. (12) 

Latrobe Steel Co. (2, 3, 8) 

McInnes Steel Co. (2) 

Midvale-Heppenstall Co. (3, 8) 

Penn Precision Products, Inc. (7, 14) 

Republic Steel Corp. (13, 14) 

Ryerson, Joseph T. & Son, Inc. (2) 

Sandvik Steel, Inc. (2, 12, 14) 

Simonds Saw and Steel Co. (13, 14) 

Stulz-Sickles Co. (2, 3, 9, 12) 

Superior Steel Corp. (14) 

Timken Roller Bearing Co. (2, 3) 

U.S. Steel Corp. (2, 3, 8, 9,12, 13, 14 

Vacuum Metals Corp., Div. of Crucible Steel 
Co. of America (2, 3, 8, 12, 13, 14) 

Vanadium-Alloys Steel Co. (10) 


‘ 


STEEL, SPECIALTY— 
CASTINGS 


Allegheny Ludlum Steel Corp. 
Alloy Precision Castings Co. 
Arwood Precision Casting Corp. 
Carondelet Foundry Co. 

Crucible Steel Casting Co. 
Crucible Steel Co. of America 
Electric Steel Foundry Co. 
Janney Cylinder Co. 

Los Angeles Steel Casting Co. 
Stulz-Sickles Co. 


STEEL, TOOL AND DIE 
Able Tool & Engineering Co. (9) 
Allegheny Ludium Steel Corp. (2, 3, 9, 
12) 
Amalgamated Steel Corp. (2, 12) 
Cannon-Muskegon Corp. (2, 3, 8, 13) 
Carpenter Steel Co. (2, 3, 8, 12, 14) 
Columbia Tool Steel Co. (2, 3, 8, 12) 
Crucible Stee! Co. of America (2, 3, 8, 9, 
12, 13, 14) 
Delaware Tool Steel Corp. (2) 
Frasse, Peter A. & Co., Inc. (2) 
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Heller Tool Co. (2) 

Kidd Drawn Steel Co. (2, 12) 

Larson, Charles E. & Sons Inc. (2) 

Latrobe Steel Co. (2, 3, 8) 

Midvale-Heppenstall Co. (3, 8) 

Pittsburgh Tool Steel Wire Co. (2, 12) 

Republic Steel Corp. (2, 9, 12) 

Ross-Meehan Foundries (2) 

Ryerson, Joseph T. & Son, Inc. (2, 3, 12, 13) 

Sharpsville Steel Fabricators, Inc. (12) 

Simonds Saw and Steel Co. (2, 13, 14) 

Timken Roller Bearing Co. (2, 3) 

Vacuum Metals Corp., Div. of Crucible Steel 
of America (2, 3, 8, 12, 13, 14) 

Vanadium-Alloys Steel Co. (2, 3, 8, 9, 10, 
12, 13) 

Vulcan Crucible Steel Div., H. K. Porter Co., 
Inc. (2, 3, 8, 12) 


STEEL, TOOL AND DIE— 
CASTINGS 


Allegheny Ludium Steel Corp. 
Alloy Precision Castings Co. 
Apex Steel Corp., Ltd. 

Arwood Precision Casting Corp. 
Beaver Valley Alloy Foundry Co. 
Carondelet Foundry Co. 

Crucible Steel Casting Co. 
Crucible Steel Co. of America 
Illinois Precise Casting Co. 
Ross-Meehan Foundries 


STRIP (see specific material) 
STYRENE (see Polystyrene) 


STYRENE-BUTADIENE RUBBER 

American Hard Rubber Co. (12, 13, 14) 

American Synthetic Rubbber Corp. (17) 

Auburn Plastics Inc. (12, 13, 14) 

Auburn Rubber Co., Inc. (13) 

Borden Co., Chemical Div. (17) 

Chicago Molded Products Corp., Campco Div. 
(13) 

Continental Rubber Works (22, 12, 13, 14) 

Copolymer Rubber and Chemical Corp. (17) 

Firestone Tire & Rubber Co. (17) 

Geauga Industries Co. (22, 12, 14) 

General Tire & Rubber Co. (17) 

Goodrich, B. F. Chemical Co. (17) 

Goodrich-Gulf Chemicals, Inc. (17) 

Goodyear Tire & Rubber Co. (17) 

Goshen Rubber Co., Inc. (22) 

Heresite & Chemical Co. (17) 

Home Rubber Co. (22, 12, 13, 14) 

Koppers Co., Inc. (17) 

Marbon Chemical Div., Borg-Warner Corp. 

Mid-States Rubber Products, Inc. (22, 13, 
14) 

Naugatuck Chemical Div., U.S. Rubber Co. 
(17) 

Parker, Stearns & Co., Inc. (13, 14) 

Phillips Chemical Co. (17) 

Roth Rubber Co. (22, 13) 

Rubatex Div., Great American Industries, 
Inc. (21) 

Shell Chemical Corp. (17) 

Southern Plastics Co. (12, 13, 14) 

Stockwell Rubber Co., Inc. (22, 12, 13, 14) 

Technical Specialties Co. (14) 

Texas-U.S. Chemical Co. (17) 

United Rubber & Chemical Co. (17) 

Vulcanized Rubber & Plastics Co. (22) 

Westlake Plastics Co. (12, 13, 14, 20) 


SYNTHETIC FIBERS 
(see specific polymer) 


TANTALUM AND ITS ALLOYS 
Alpha Metals, Inc. (7, 13, 14) 
Belmont Smelting & Refining Works, Inc. (8) 









Columbia National Corp. (8) 

Fansteel Metallurgical Corp. (], 2, 8 
9, 10, 12, 13, 14) 

General Plate Div., Metals & Controls Corp 
(7, 14) 

Hardy, Charles Inc. (10) 

Kennametal, Inc. (10) 

Metal Hydrides, Inc. (10) 

Shieldalloy Corp. (10) 


’ 


TEFLON (see Fluorocarbons) 
TERNE PLATE (see Precoated Metals) 


TETRAFLUOROETHYLENE 


(see Fiuorocarbons) 
TINPLATE (see Precoated Metals) 


TIN AND ITS ALLOYS 

Alpha Metals, Inc. (1, 2, 3, 7, 8, 10, 12, 
13, 14) 

Belmont Smelting & Refining Works, Inc. (1, 
2, 7, 8, 10, 13, 14) 

Bridgeport Rolling Mills Co. (13, 14) 

Bunker Hill Co., Sales & Fabrication Div. (1 
2, 8) 

Chicago Smelting & Refining Corp. (8) 

Crown Non-Ferrous Foundry Inc. (8) 

Division Lead Co. (1, 2, 3, 7, 8, 10, 12 
13, 14) 

Federated Metals Div., American Smelit- 
ing & Refining Co. (1, 2, 3, 8) 

Fox Products Co. (1) 

Glidden Co. (10) 

Greenback Industries, Inc. (10) 

Hardy, Charles Inc. (10) 

Hodgson Foundry Co. (1) 

Kirk, Morris P. & Son, Inc. (1, 2, 10, 12) 

Lavin, R. & Sons, Inc. (1, 8) 

McGean Chemical Co. (1, 10) 

Metal & Thermit Corp. (1, 3, 8) 

Metals Disintegrating Co., Inc. (10) 

National Lead Co. (10) 

New England Brass Co. (13, 14) 

New England Smelting Works, Inc. (2) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Oatey, L. R. Co. (2, 3, 8, 12, 13, 14) 

Peerless Alloy Co. (2, 8, 12) 

Pittsburgh Smelting & Refining Co. (8) 

Republic Metals Co., Inc. (1, 2, 7, 8, 12, 13, 
14) 

River Smelting & Refining Co. (8) 

Riverside-Alloy Metal Div., H. K. Porter Co., 
Inc. (12, 13, 14) 

Rotometals (2, 7, 8, 10) 

Sel-Rex Corp. (10) 


‘ 


’ 


TITANIUM AND ITS ALLOYS 

Alpha Metals, Inc. (7) 

American Silver Co. (7, 14) 

Belmont Smelting & Refining Works, Inc. (8) 

Driver-Harris Co. (7, 14) 

du Pont de Nemours, E. I. & Co., Inc. 
(sponge) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Firth Sterling Inc. (2, 3, 8, 12, 14) 

Foote Mineral Co. (2) 

General Plate Div., Metals & Controls Corp. 
(7, 14) 

Hardy, Charles Inc. (10) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (2, 3, 8, 12) 

King Laboratories, Inc. (8, 10) 

Mallory-Sharon Titanium Corp. (2, 3, 9, 
12, 13, 14) 

Metal Hydrides Inc. (8, 10) 

Metals Disintegrating Co., Inc. (10) 



















National Lead Co. (10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Pioneer Aluminum Inc. (9) 

Rem-Cru Titanium, Inc. (2, 3, 7, 8, 9, 
12, 13, 14) 

Republic Steel Corp. (2, 3, 8, 9, 12, 13, 14) 

Rigidized Metals Corp. (13, 14) 

Superior Steel Corp. (14) 


Titanium Metals Corp. of America (2, 3, 9, 
10, 12, 13, 14) 

U.S. Industrial Chemicals Co., Div. of Na- 
tional Distillers Co. (sponge) 

United International Research, Inc. (10) 

Vacuum Metals Corp., Div. of Crucible Steel 
Co. of America (2, 3, 8, 9, 13, 14) 


TRANSFER MOLDINGS 
(see Moldings) 


TRIFLUOROCHLOROETHYLENE 
(see Fluorocarbon) 


TUBING, PIPE 

Ace Plastic Co. (J, K) 

Acme-Newport Steel Co. (F) 

Albert Pipe Supply Co., Inc. (A, F) 

Albright Son & Co. (F) 

Allegheny Ludlum Steel Corp. (F) 

Allied Tube Corp. (A, F) 

Alpha Plastics Inc. (J) 

Aluminum Co. of America (A, D) 

Amco Plastic Pipe Co. (J) 

American Agile Corp. (J) 

American Brass So. (A, B, F) 

American Cast Iron Pipe Co. (C, F) 

American Hard Rubber Co. (J, K, L) 

American Metal Hose Div., American Brass 
Co. (A, B, F) 

American Molding Co. (J) 

American Plastics Corp. (J) 

American Reed Co., Inc. (A) 

Anchor Plastics Co., Inc. (J) 

Anesite Co. (J) 

Apex Reinforced Plastics Div., White Sewing 
Machine Corp. (K) 

Armco Steel Corp. (E) 

Atlas Mineral Products Co. (J) 

Auburn Plastic Engineering (J) 

Avon Tube Div., Higbie Mfg. Co. (F) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div. (C, F, G) 

Bassons Industries Corp. (J) 

Benada Aluminum Products Co. (A) 

Bethlehem Steel Co. (F) 

Bishop, J. & Co., Platinum Works (E, 
F) 


Blackman, Horace Co. (J) 

Bohn Aluminum & Brass Corp. (A) 

Borden Co., Chemical Div. (J) 

Bridgeport Brass Co. (A, B) 

Brinkerhoff Brass & Bronze Works, Inc. (A, 
B, E, F) 

Broadway Mfg. Co. (C, F) 

Burkhardt Steel Co. (F) 

Busada Mfg. Corp. (J) 


Cadillac Plastic & Chemical Co. (J, K) 

Calfibe Co., Inc. (J) 

Carlon Products Corp. (J) 

Carpenter Steel Co., Alloy Tube Div. 
(F, G) 

Cartwright, R. Tube Products Co. (A, B, D, 
E, F) 

Celluplastic Corp. (J) 

Chase Brass & Copper Co. (B) 

Chemical Products Corp. (J) 

Chicago Gasket Co. (J) 

Clayton Mark & Co. (F) 

Colonial Art Co., Inc. (J) 

Colonial Plastics Mfg. Co. (J) 


Colorado Fuel & Iron Corp. (F) 

Commercial Plastics & Supply Corp. 
(J, K) 

Conneaut Rubber & Plastics Co. (J, L) 

Connecticut Hard Rubber Co. (L) 

Continental Can Co., Inc. (J) 

Continental Copper & Steel Industries Inc. 
(A, B, C, D, E, F, G) 

Continental Rubber Works (L) 

Continental-Diamond Fibre Corp., Div. of 
Budd Co. 

Cornell & Underhill, Inc. (A, C, F) 

Crane Co. (J) 

Crescent Plastics, Inc. (J) 

Crucible Steel Co. of America (F, G) 

CrystalX Corp. (J) 

Curtiss-Wright Corp. (F, G) 

Damascus Tube Co. (F) 

Defiance Metal Products Co. (F) 

Detroit Float & Stamping Co. (B) 

Dixie Aluminum Corp. (A) 

Dixie Plastics Mfg. Co. (J) 

Dixon Corp. (J) 

Dormont Mfg. Co. (A, B, E, F) 

Dow Chemical Co. (D) 

Drawn Metal Tube Co. (B) 

Dryden Rubber Div., Sheller Mfg. Co. (L) 

Easton Plastic Products Co., Inc. (J) 

Eclipse Plastic Industries, Inc. (J) 

Electric Steel Foundry Co. (E, F) 

Electronic Parts Mfg. Co., Inc. (E) 


Fibercast Corp. (K) 

FitzSimons Mfg. Co. (F) 

Flexaust Co., Div. of Callahan Zinc-Lead Co., 
Inc. (L) 

Flexonics Corp. (F) 

Florence Pipe Foundry & Machine Co. (C) 

Formed Tubes Inc. (F) 

Fox Products Co. (A) 

Franklin Plastics, Inc. (J) 

Frasse, Peter A. & Co., Inc. (A, F, G) 

Fromson Orban Co., Inc. (A, B, E) 


Garlock Packing Co. (J) 

Gates Rubber Co. (J) 

Geauga Industries Co. (L) 

General Plastics Corp. (J) 

Genesee Laboratories, Inc. (J) 

Gering Products, Inc. (J) 

Glass Laboratories, Inc. (J) 

Goodrich, B. F. Industrial Products Co. (J) 


H & H Tube & Mfg. Co. (A, B) 

H-P Products, Inc. (F) 

Hall Mfg. Corp. (J) 

Hartwell, H. M. & Son, Inc. (J) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (A) 

Hawkridge Bros. Co. (A) 

Hays Mfg. Co. (K) 

Hazledine, E. T. Co. (F) 

Heil Process Equipment Corp. (J) 

Houston Blow Pipe & Sheet Metal Works 
(A, B, F) 

Hungerford Plastics Corp. (J) 


Hussey, C. G. & Co., Div. of Copper 
Range Co. (B) 

Hydrawlik Co. (J, 4) 

Imco Container Corp. (J) 

Industrial Pipe & Supply Co. (F) 

Industrial Plastic Fittings Co. (J) 

Industrial Synthetics Corp. (J) 

International Metal Hose Co. (F) 

International Nickel Co., Inc. (E) 

Irvington Chemical Co. (J) 

Jackson Steel Products, Inc. (A, B, F) 

Jet Specialties Co., Inc. (J) 

Johnson Metal Hose, Inc. (B, E) 

Johnson Plastic Corp. (J, L) 

Johnson Rubber Co. (L) 

Jones & Laughlin Steel Corp. (F) 

Jordan-Rogers Co. (J) 

Judsen Rubber Works, Inc. (L) 

KSH Plastics, Inc. (J) 

Kaiser Aluminum & Chemical Sales, Inc. (A) 

Kensico Tube Co. (B) 

Kleiner Metal Specialties, Inc. (F) 

Kraloy Plastic Pipe Co., Inc. (J) 

Kroh Wagner (A, F) 

Laclede Steel Co. (F) 

Langsenkamp, F. H. Co. (A, B) 

Leach & Garner Co., Industrial Div. 
(A, B, E) 

Lee Rubber & Tire Corp. (L) 

Lewin-Mathes Co. (B) 

Lewis & Saunders (A, B, F) 

Linderme Tube Co. (A, B) 

Lock Joint Tube Co. (F) 

Lunn Laminates, Inc. (K) 

Luzerne Rubber Co. (J, L) 

MacKenzie-Walton Co. (B) 

Makepeace, D. E. Co. (A, B, E, F) 

Manufacturers Corp. (J) 

Manufacturers & Fabricators, Inc. (F) 

Mechanical Rubber Products Co. (K) 

Mechanical Steel Tubing Corp. (A, B, C, D, 
E, F, G, H) 

Meier Screw Products & Mfg. Co. (A, B, C, 
D, F) 

Melco Wire Products (A) 

Metal Forming Corp. (E, F, G) 

Metal Goods Corp. (A, B, F) 

Midiand Pipe & Supply Co. (B, C, F) 

Midvale-Heppenstall Co. (F) 

Minnesota Mining & Mfg. Co. (J, K) 

Missouri Boiler & Sheet Iron Works (F) 

Moore Dry Dock Co. (F) 

Morse, Fred W. Co. (A) 

Mueller Brass Co. (B) 

Murray Tube Works, Inc. (A, B, E, F) 

Nalge Co. Inc. (J) 

National Copper & Smelting Co. (B) 


National Gasket & Washer Mfg. Co., Inc. 


(J, K, &) 
National Supply Co. (F) 
National Tube Div., U.S. Steel Corp. (F) 
National Vulcanized Fibre Co. (K) 
New England Tape Co., Inc. (J) 
Nikoh Tube Co; (F) 














MATERIALS 


A—Aluminum and its alloys 
B—Copper and its alloys 





D—Magnesium and its alloys 
E—Nickel and its alloys 


KEY 


H—Zinc and its alloys 
J—Thermoplastics 


C—lIron and its alloys (except F—Steels K—Thermosetting plastics 
steel) G—Titanium and its alloys L—Elastomers 

BASIC FORMS 

1—Anodes 12—Rod 19—Fibers or filaments 
2—Bar 13—Sheet 20—Film 

3—Billets 14—Strip 21—Foams (component mate- 
7—Foil 17—Base resins, polymers or rials or products) 

8—Ingot gums 22—Molding compounds 
9—Plate 18—Laminating or casting 23—tTube, nonmetal!ic (except 
10—Powder resins plastics or rubber) 
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Noera Mfg. Co. (B, F) 

Ohio Seamless Tube Div., Copperweld 
Steel Co. (F) 

Ohio Steel Foundry Co. (E) 

Pabst Engineering Equipment Co., Inc. (A, 
B, C, D, E, F, G, H) 

Parker, Stearns & Co., Inc. (L) 

Penn Brass & Copper Co. (A, B) 

Perfex Plastics, Inc. (J) 

Pfister Aluminum Corp. (A) 

Pittsburgh Steel Co. (F) 

Plastex Co. (J) 

Plastic Pipe & Tube Corp. (J) 

Plastic Process Co., Inc. (J) 

Polyform Plastics Corp. (J) 

Polymer Corp. (J) 

Porter, William Co. (K) 

Precision Extrusions, Inc. (A) 

Precision Tube Co., Inc. (A, B, E, F) 

Prima Pipe Co. (J) 

Prince Rubber Co., Inc. (J, L) 

Pyramid Moldings Inc. (F) 

Pyramid Plastics, Inc. (J, L) 

Quaker Rubber Div., H. K. Porter Co. (J, K, 
L) 

Raybestos-Manhattan, Inc. (L) 

Reading Tube Corp. (B) 

Reflin Co. (J) 

Reinhold Engineering & Plastics Co. (J) 

Reliance Plastic & Chemical Corp. (J) 

Rem-Cru Titanium, inc. (G) 

Ren Plastics, Inc. (K) 

Replac Corp. (J, K, L) 

Republic Steel Corp. (F, G, J) 

Resin Industries (J) 

Resistofiex Corp. (J) 

Revere Copper & Brass, Inc. (A, B, F) 

Rex Corp. (J) 

Reynolds Metals Co. (A) 

Rigidized Metals Corp. (A, F) 

Roll Formed Products Co. (A, F, H) 

Rome Turney Radiator Co. (A, B, F) 

Roth Steel Products Co. (F) 

Rowland Products, Inc. (J) 

Ryerson, Joseph T. & Son, Inc. (F) 

Sandusky Foundry & Machine Co. (B, 
E, F) 

Sandvik Steel, Inc. (F) 

Schwab Plastic Corp. (J, L) 

Scovill Mfg. Co. (B) 

Searjeant Metal Products Inc. (F) 

Service Steel Co. (F) 

Shamban, W. S. & Co. (J) 

Sharpsville Stee! Fabricators, Inc. (B, F) 

Shaw-Kendall Engineering Co. (F) 

Shoe Form Co. (J) 

Sierra Electric Corp. (J) 

Skyline Industries (J) 

Small Tube Products Inc. (B) 

Snyder, M. L. & Son, Inc. (J) 

South River Metal Products Co., Inc. (A, D) 

Southern Plastics Co. (WJ, L) 

Southwestern Plastic Pipe Co. (J) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co. (J) 

Spiral-Glas Pipe Co. (J) 

Standard Products Co. (L) 

Standard Tube Co. (F) 

Stockwell Rubber Co., Inc. (J, L) 

Stokes Molded Products, Div. of Electric 
Storage Battery Co. (J) 

Sunlite Plastics, Inc. (J) 

Superior Tube Co. (E, F, G) 

Supplex Co., Div. of American Hard Rubber 
Co. (J, L) 

Surprenant Mfg. Co. (J) 

Swepco Tube Corp. (A, E, F, G) 

Synthane Corp. (K) 

Taylor Fibre Co. 

Technical Specialties Co. (L) 

Texas Aluminum Co. (A) 

Thompson Pipe & Steel Co. (E, F) 

Timken Roller Bearing Co. (F) 

Titanium Metals Corp. of America (G) 

Torrington Co. (A, F) 





Trent Tube Co. (E, F, G) 

Triangle Conduit & Cable Co., Inc. (B, J) 

Tube Methods, Inc. (F) 

Tube Reducing Corp. (C, E, F, G) 

Tube Turns Plastics, Inc. (J) 

Udylite Corp. (J) 

Uniform Tubes, Inc. (A, B, E, F) 

Union Steel Corp. (F) 

U.S. Gasket Co. (J) 

U.S. Rubber Co., Mechanical Goods Div. (J) 

U.S. Stoneware Co. (J) 

U.S. Valve & Mfg. Co. (F) 

United Wire & Supply Corp (A, B) 

Van Huffel Tube Corp. (A, B, F) 

Viking Copper Tube Co. (B) 

Viplax Products Corp. (J) 

Visking Co., Plastics Div. (J) 

Vogt Mfg. Corp. (J) 

Vulcan Metal Products, Inc. (A) 

Vuican Rail & Construction Co. (A, C, F) 

Wallingford Steel Co. (F) 

Wal-Mar Corp. (A, B, C, F) 

Wayne Brass Co. (A, B) 

Weiskittel, Harry C. Co., Inc. (C) 

Welding Apparatus Co. (A, E) 

Wells, A. H. & Co., Inc. (B) 

Western Plastics Corp. (J) 

Westlake Plastics Co. (J, K, L) 

Wheeiing Steel Corp. (F) 

White Metal Rolling & Stamping Corp. (D) 

Whitehead Metal Products Co., Inc. (A, 
B, E, F, G) 

Wolverine Tube Div., Caiumet & Hecia, Inc. 
(A, B, F) 

Woolf Aircraft Products, Inc. (A, B, F) 

World Plastex (J, L) 

Yardley Plastics Co. (J) 

Youngstown Mfg., Inc. (A) 

Youngstown Sheet & Tube Co. (F) 


TUNGSTEN 

Associated Engineering & Mfg. Corp. (2, 10, 
12, 13, 14) 

Beimont Smelting & Refining Works (10) 

Cleveland Tungsten, Inc. (10) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (10) 

Fansteel Metallurgical Corp. (2, 8 9, 
10, 12, 13, 14) 

General Electric Co., Lamp Wire & Phos- 
phors Dept. (10) 

Gibson Electric Co. (10) 

Hardy, Charles Inc. (10) 

Sylvania Electric Products, Inc. (8, 10, 12) 

Westinghouse Electric Corp., Lamp Div. 


UREAS 

American Cyanamid Co., Plastics & Resins 
Div. (17, 21) 

Archer-Daniels-Midland Co. (17) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 18) 

Barrett Div., Allied Chemical & Dye Corp. 
(22) 

Booty Resineers, Inc. (17) 

Borden Co., Chemical Div. (17, 22) 

Catalin Corp. of America (17) 

Colton Chemical Co., Div. of Air Reduction 
Co., Inc. (21) 

Dunnican Associates (22) 

du Pont de Nemours, E. I. & Co., Inc. 
(17) 

Farley & Loetscher Mfg. Co., Plastics Div. 
(13) 

Gordon Chemicals Inc. (22) 

Mica Insulator Co. (12, 13) 

Monsanto Chemical Co. (17) 

Muehlstein, H. & Co., Inc. (17, 22) 

Omni Products Corp. (22) 

Reichhold Chemicals, Inc. (17, 18, 21) 

Sylvan Plastics Inc. (22) 

Synco Resins, Inc. (17) 

Texas Glass Fiber Corp. (22) 
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URETHANE PLASTICS 

Adhesive Products Corp. (18) 

American Rubber Products Corp. (21, 12, 13 
14) 

Atlas Mineral Products Co. (21) 

Barrett Div., Allied Chemical & Dye Corp 
(21) 

Crest Chemical Industries Corp. (21) 

Disogrin Industries, Inc. (13) 

du Pont de Nemours, E. Ll. & Co., Inc. (17 
21) 

Foamade Industries (21) 

Furane Plastics Inc. (18, 21) 

General Tire & Rubber Co. (21, 13, 14) 

Hewitt-Robins, Inc. (21) 

Isocyanate Products, Inc. (21) 

Luminous Resins, Inc. (22) 

Mobay Chemical Co. (17, 21) 

Nesbit Industries, Inc. (21) 

Nopco Chemical Corp. (21) 

Rubber Corp. of America (21) 

Russell Reinforced Plastics Corp. (21) 

Schenectady Varnish Co. Inc. (17) 

Schwab Plastics Corp. (21) 

Strick Plastics Co. (21) 

Thiokol Chemical Corp. (17, 21) 

U.S. Rubber Co. (21) 


URETHANE RUBBER 

Adhesive Products Corp. (18) 

American Rubber Products Corp. 
(21, 12, 13, 1%) 

Brown Rubber Co., Inc. (21) 

Continental Rubber Works (22, 12, 13, 14) 

Disogrin Industries, Inc. (13) 

du Pont de Nemours, E. I. & Co., Inc. (17, 
21) 

Foamade Industries (21, 22, 13) 

General Tire & Rubber Co. (21) 

Isocyanate Products, Inc. (21) 

Mobay Chemical Co. (17, 21, 22) 

Quaker Rubber Div., H. K. Porter Co. (21) 

Rubber Corp. of America (21) 

Schwab Plastics Corp. (21) 

Technical Specialties Co. (14) 

Thiokol Chemical Corp. (17, 21) 

U.S. Rubber Co. (21) 


VACUUM FORMED PARTS 
(see Moldings, Sheet) 


VANADIUM 

Belmont Smelting & Refining Werks, Inc. 
(10) 

Electro Metallurgical Co., Div. of Union Car- 
bide Corp. (8) 

General Plate Div., Metals & Controls Corp. 
(7) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Vanadium Corp. of America (8) 


VINYLS 

Adhesive Products Corp. (18) 

Albany Novelty Mfg. Co. (20) 

Alpha Plastics Inc. (12, 14) 

American Agile Corp. (12, 13, 14) 

American Hard Rubber Co. (12, 13, 14) 

American Molding Powder & Chemical Co. 
(22) 

American Products Mfg. Co. Inc. (17) 

Atlas Mineral Products Co. (12, 13) 

Auburn Plastic Engineering (13) 

Bakelite Co., Div. of Union Carbide 
Corp. (17, 18, 20, 21, 22) 

Bamberger, Claude P. Inc. (22) 

Blossom Mfg. Co., Inc. (20, 12, 13) 

Borden Co., Chemical Div. (17) 

Brown Rubber Co., Inc. (21) 

Cadillac Plastic & Chemical Co. (20, 13, 14) 

Carroll, J. B. Co. (13) 

Cary Chemicals, Inc. (22) 











Chemical Products Corp. (21, 22) 

Colonial Art Co., Inc. (13) 

Colonial Plastics Mfg. Co. (12, 13) 

Colton Chemical Co., Div. of Air Reduction 
Co., Inc. (17) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 

Conneaut Rubber & Plastics Co. (22, 12, 13, 
14) 

Crest Chemical Industries Corp. (21) 

Dennis Chemical Co. (18, 21) 

Douglas & Sturgess (18) 

Dow Chemical Co. (17, 18) 

du Pont de Nemours, E. I. & Co., Inc. 
(17) 

Dura Flex Co. (13, 20) 

Elastomer Chemical Corp. (22) 

Federal Adhesives Corp. (21, 22) 

Firestone Plastics Co. (17, 18, 19, 20, 13) 

Franklin Glue Co. (17) 

Fry Plastics Co. (12, 13, 20) 

Fullerton Mfg. Co. (22) 

Geauga Industries Co. (12, 14) 

Genesee Laboratories, Inc. (17) 

Gering Products, Inc. (22, 12, 14) 

Goodrich, B. F. Industrial Products Co. (20, 
12, 13, 14) 

Goodyear Tire & Rubber Co., Inc. (17, 18) 

H & R Industries (12, 13, 14) 

Hartwell, H. N. & Son, Inc. (12, 13) 

Haskelite Mfg. Corp. (13, 14) 

Hydrawlik Co. (12, 14) 

Industrial Plastics Corp. (12, 14) 

Interchemical Corp. (17, 21) 

KSH Plastics, Inc. (12, 13, 14) 

Kaykor Industries, Inc. (12, 13) 

Kuss, R. L. & Co., Inc. (20) 

Luminous Resins, Inc. (22) 

Masland Duraleather Co. (20) 

Monsanto Chemical Co. (13, 17, 18, 20, 22) 

Naugatuck Chemical Div., U.S. Rubber Co. 
(17, 22) 

New England Tape Co., Inc. (21, 22, 12, 13, 
14) 

Nixon Nitration Works (12, 13) 

Omni Products Corp. (13, 17, 20, 22) 

O'Sullivan Rubber Corp. (13) 

Perfex Plastics, Inc. (12, 14) 

Polo Plastics Co. (20) 

Pyramid Plastics, Inc. (12, 13, 14) 

Pyrosil, Inc. (13) 

Rand Rubber Co. (17, 18, 20) 

Reichhold Chemicals, Inc. (17, 18) 

Reliance Plastic & Chemical Corp. (12, 14) 

Resistoflex Corp. (12, 13) 

Rezolin, inc. (20) 

Rubatex Div., Great American Industries, 
Inc. (21) 

Schwab Plastics Corp. (21, 12, 14) 

Seaman Products (13, 20) 

Seiberling Rubber Co., Plastics Div. (13) 

Shawinigan Resins Corp. (17) 

Snyder Mfg. Co., Inc. (20, 13) 

Southern Plastics Co. (12, 13, 14) 

Stockwell Rubber Co., Inc. (22, 12, 13, 14) 

Supplex Co., Div. of American Hard Rubber 
Co. (22, 12, 14) 

Synco Resins, Inc. (17) 

Texas Plastic Development Corp. (12) 

U.S. Stoneware Co. (22, 12, 13, 14) 

Visking Co., Plastics Div. (20) 

Vogt Mfg. Corp. (12, 14) 

Walsen Consolidated Mercantile Co. (13, 20) 

World Plastex (12, 13, 14) 


VINYLIDENE CHLORIDE (see Vinyls) 


VITREOUS COATINGS (see Coatings) 


VULCANIZED FIBRE 

Ace Plastic Co. (12, 13) 

Cadillac Plastic & Chemical Co. (12, 13, 14) 

Commercial Plastics & Supply Corp. 
(12, 13, 14) 


Continental-Diamond Fibre Corp., Div. of 
Budd Co. (12, 13, 14) 

Coyne & Paddock Inc. (13) 

Iten Fibre Co. (12, 13, 14) 

National Vulcanized Fibre Co. (12, 13, 14) 

Penn Fibre & Specialty Co., Inc. (21, 12, 13, 
14) 

Philrus Products Co. (12, 13, 14) 

Spaulding Fibre Co., Inc. (12, 13, 14) 

Taylor Fibre Co. (12, 13) 

Westlake Plastics Co. (12, 13, 14) 

Wilmington Fibre Specialty Co. (12, 13) 


WELDMENTS 

Acme Precision Products, Inc. (A, E, F) 

Acorn Sheet Metal Mfg. Co., Inc. (F) 

Adams, I. G. Metalware Co. (F) 

Albert Pipe Supply Co., Inc. (A, F) 

Alco Products, Inc. (A, B, E, F) 

Allis-Chalmers Mfg. Co. (A, E, F) 

Alloy Products Corp. (F) 

Almco Steel Products Corp. (A, B, C, F) 

Aluminum Co. of America (A) 

Amalgamated Steel Corp. (F) 

American Brake Shoe Co. (B) 

American Cast Iron Pipe Co. (C, F) 

American Metal Products Co. (A, F) 

American Pipe & Construction Co. (A, F) 

American Welding & Mfg. Co. (A, F) 

Anderson, 0. L. Co., Inc. (A, B, C, D, F) 

Armor Metal Products Co. (A, F) 

Atlas Steel Construction Co. (A, B, C, F) 

Baldwin-Lima-Hamilton Corp. (A, F) 

Barclay Mfg. Co. (C) 

Beatty Machine & Mfg. Co. (F) 

Behringer Metal Works, Inc. (A, F) 

Beloit Iron Works (C, F) 

Bergen Point Iron Works (A, E, F) 

Bethlehem Steel Co. (F) 

Biersach & Niedermeyer Co. (A, F) 

Blaw-Knox Co. (A, F) 

Brandt, Charles T. Inc. (A, B, C, E, F) 

Brooks & Perkins, Inc. (D, G) 

Butler Mfg. Co. (A, F) 

Caldwell, W. E. Co. (A, F) 

Central Fabricators, Inc. (A, B, C, E, F, G) 

Chase Brass & Copper Co. (B) 

Chicago Bridge & Iron Co., Div. of U.S. Steel 
Corp. (A, F) 

Clarksville Foundry & Machine Works (A, C) 

Cleveland Steel Specialty Co. (F) 

Cleveland Welding Div., American Machine 
& Foundry Co. (A, C, E, F, G) 

Combined Industries Co. (A, B, C, D, E, F) 

Combustion Engineering, Inc. (A, B, F) 

Commercial Shearing and Stamping Co. (F) 

Composite Forgings, Inc. (F) 

Consolidated Western Steel Div., U.S. Steel 
Corp. (F) 

Continental Copper & Steel Industries Inc. 
(A, B, C, D, E, F, G) 

Cornell and Underhill, Inc. (A, F) 

Darby Corp. (A, E, F) 

Dare Products, Inc. (F) 

Day Co. (A, C, F) 

Dixie Bronze Co. (B) 

Dow Chemical Co. (D) 

Downingtown Iron Works (C, F) 

Dravo Corp. (A, F) 

Dresser Mfg. Div., Dresser Industries, Inc. 
(A, E, F) 

Electric Steel Foundry Co. (F) 

Emerson-Sack-Warner Corp. (A, B, C, D, E, 
F, G, H) 

Falstrom Co. (A, B, C, D, F) 

Farwell Metal Fabricating (A, B, C, D, E, F) 

Fitzgibbons Boiler Co., Inc. (A, F) 

Foster Wheeler Corp. (A, E, F) 

Gary Steel Products Corp. (A, F) 

General American Transportation 
Plate & Welding Div. (A, E, F) 

General Alloys Co. (A, B, C, E, F) 

Glasby, J. P. Mfg. Co., Inc. (A, D, F) 

Graver Tank & Mfg. Co. (A, F) 


Corp., 


Greene, G. G. Corp. (F) 
Hazledine, E. T. Co. (F) 
Hibben & Co. (A, F) 
Hicks Corp. (A, B, F) 
Hobbs, Clinton E. Co. (C, F) 
Houston Blow Pipe & Sheet Metal Works 
(A, B, F) 
Ideal Can Co. (A, F) 
Industrial Equipment Co. (A, F) 
Industrial Pipe & Supply Co. (F) 
Industrial Precision Products (A, C) 
Ingalls Iron Works Co. (C, F) 
Interlake Mfg. Co. (F) 
Irvington Form & Tank Corp. (A, B, F) 
K-D Mfg. Co. (C, F) 
Kaiser Aluminum & Chemical Sales, Inc. (A) 
Kewaunee Engineering Corp. (C) 
Koven, L. 0. & Brother, Inc. (A, F) 
Krueger Fabricating Co., Inc. (A, B, C, D, 
F) 
Larkin Specialty Mfg. Co. (A, B, F) 
Lawrence, L. Co., Inc. (A, B, C, D, E, F, G, 
H) 
Leader [ron Works, Inc. (A, B, E, F) 
Levinson Steel Co. (F) 
Lincoin Steel Corp. (F) 
Lockport Steel Fabricators, Inc. (A, E, F) 
Loeffler, J J. Co., Machine & Brass Works 
(A, B, C) 
Lukens Steel Co. (E, F) 
Machine Products Corp. (A, B, C, D, E, F, 
G, H) 
Magline, Inc. (A, D) 
Mahon, R. C. Co. (F) 
Manufacturers & Fabricators, Inc. (F) 
Mayville Metal Products Co. (F) 
McLanahan & Stone Corp. (F) 
McNally Pittsburg Mfg. Co. (A, C, F) 
Midvale-Heppenstall Co. (F) 
Midwest Piping Co., Inc. (F) 
Missouri Boiler & Sheet Works (F) 
Moore Dry Dock Co. (F) 
Murray Tube Works, Inc. (F) 
National Steel & Shipbuilding Corp. (F) 
National Tank Co. (A, F) 
Nigg Engineering Corp. (A, C, F) 
Pabst Engineering Equipment Co., Inc. (A, 
C, E, F) 
Parish Pressed Steel Div., Dana Corp. (A, F) 
Patterson Foundry & Machine Co. (A, F) 
Pennsylvania Engineering Corp. (F) 
Penrod, Floyd & Sons Tool & Engineering 
Corp. (F) 
Pfaudier Co. (A, E, F) 
Portland Co. (F) 
Posey Iron Works, Inc. (F) 
Pressed Steel Tank Co. (A, E, F) 
Pusey & Jones Corp. (A, B, C, D, E, F) 
Rankin Forge Co. (C, F) 
Republic Steel Corp. (F) 
Reynolds Metals Co. (A) 
Rockwell Spring & Axle Co. (A, C, F) 
Rolock, Inc. (E) 
Rose Iron Works (A, B, C, E, F, G) 
Rosedale Foundry & Machine Co. (F) 
Scaife Co. (A, F) 
Seattle Boiler Works, Inc. (A, E, F) 
Shank Metal Products Co. (A, F) 
Shriver, T. & Co., Inc. (A, F) 
Sinclair Co. (B, C, F) 
Sioux City Foundry & Boiler Co. (F) 
Smith Corp., A. 0. (A, F) 
South River Metal Products Co., Inc. (A, D, 
F) 
Southern Car & Mfg. Co., Inc. (A, F) 
Spincraft, Inc. (A, B, F) 
Spring City Foundry Co. (C) 
Stacey Mfg. Co. (A, F) 
Stainless Metals, Inc. (F, G) 
Standard Steel Sections, Inc. (A, C, F) 
Steel, R. & Sons, Inc. (F) 
Stover Steel Tank & Mfg. Co. (F) 
Struthers Wells Corp. (F) 
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Suppliers of Materials 


Texas Foundries, Inc. (F) 

Thompson Pipe & Steel Co. (A, B, E, F) 

Toledo Stamping & Mfg. Co. (F) 

Torngren, C. W. Co., Inc. (A, B, C, E, F, G) 

Trane Co. (F) 

Union Iron Works (F) 

Union Tank Car Co. (A, E, F) 

U.S. Valve & Mfg. Co. (F) 

Victor Steel Products Corp. (F) 

Vulcan Mfg. Div. (A, B, E, F, G) 

Wal-Mar Corp. (A, C, F) 

Ward, H. H. Co. (A, B, C, E, F, H) 

Waterman Industries, Inc. (F) 

Weilman Engineering Co. (F) 

Western Foundry & Machine Works, Inc. (F) 

Whyte, Oliver Co., Inc. (A, C, F) 

Wickwire Spencer Steel Div., Colorado Fuel 
and Iron Corp. (F) 

Wilder Mfg. Co., Inc. (C, F) 

Willamette Iron and Steel Co. (E, F) 

Wyatt Metal and Boiler Works (A, F) 


WIRE 


Ace Wire Spring & Form Co., Inc. (F) 

Allegheny Ludium Steel Corp (F) 

All-State Welding Alloys Co., Inc. (A, B, D, 
E, F, H) 

Alpha Wire Corp. (B) 

Aluminum Co. of America (A, D) 

American Brass Corp. (B) 

American Chain & Cable Co., Inc. (F) 

American Electric Cable Co. (B, C, F) 

American Reed Co., Inc. (C) 

Armco Steel Corp. (C, F) 

Associated Spring Corp. (F) 

Atlantic Bag Co. (F) 

Belmont Smelting & Refining Works, Inc. 
(H) 

Bethlehem Steel Co. (F) 

Bristol Brass Corp. (B) 

—— Wire Cloth Co. (A, B, C, D, E, 
F, 

Carol Cable Co., Div. of Crescent Co., Inc. 
(B) 

Carpenter Steel Co. (F) 

Chase Brass & Copper Co. (B) 

Cincinnati Pump & Mfg. Co., Inc. (F) 

Clendenin Bros. Inc. (A, B) 

Colorado Fuel and Iron Corp. (F) 

Comerford Mfg. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Continental Steel Corp. (F) 

Crucible Steel Co. of America (F, G) 

Dare Products, Inc. (B, F) 

Detroit Steel Corp., Portsmouth Div. (F) 

Driver, Wilbur B. Co. (E) 

Driver-Harris Co. (B, E, G) 

Electric Steel Foundry Co. (F) 

Electronic Parts Mfg. Co., Inc. (B, E) 

Elgin National Watch Co. (E) 

Empire Metal Co. (H) 

Erskine Precision Wire Corp. (E) 

Essex Wire Corp. (A, B) 

Frasse, Peter A. & Co., Inc. (A, F) 

General Alloys Co. (A, B, E, F) 

Greene, G. G. Corp. (F) 

Haven-Busch Co. (F) 

Hawkridge Bros. Co. (A, G) 

Hayden Wire Works, Inc. (B, E) 

Hazledine, E. T. Co. (F) 

Hudson Wire Co. (B) 

Indiana Steel & Wire Co., Inc. (F) 

International Nickel Co., Inc. (E) 

Jarco Metal Products (F) 

Jelliff, C. O. Mfg. Corp. (E) 

Johnson Steel and Wire Co., Inc. (F) 

Jones & Laughlin Steel Corp. (F) 

Kaiser Aluminum & Chemical Sales, Inc. (A) 

Keystone Steel & Wire Co. (F) 

Langsenkamp, F. H. Co. (A, B) 

LaSalle Steel Co. (F) 

Leach & Garner Co., Industrial Div. (A, 
B, E) 

Lincoln Steel Corp. (F) 

Little Falls Alloys Inc. (A, B, G) 
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Macwhyte Co. (F) 

Mallory-Sharon Titanium Corp. (G) 

Matthiessen & Hegeler Zinc Co. (H) 

Melico Wire Products (A) 

Metal Goods Corp. (A, B, E) 

Mid-West Wire Products Co., Inc. (F) 

Murdock Mfg. Co., Inc. (B) 

National Electric Products Corp. (B) 

Nesor Alloy Products Co. (A, B, C, E, F, G, 
H) 

New England Electrical Works, Inc. (B) 

Nichols Wire & Aluminum Co. (A) 

Philadelphia Steel & Wire Corp. (F) 

Pittsburgh Steel Co. (F) 

Rem-Cru Titanium, Inc. (G) 

Republic Steel Corp. (F) 

Reynolds Metals Co. (A) 

Reynolds Wire Div., National-Standard Co. 
(A, B, E, F, G) 

Riverside-Alloy Metal Div., H. K. Porter Co. 
(A, C, F) 

Rolock, Inc. (E) 

Ryerson, Joseph T. & Son, Inc. (F) 

Sandvik Steel, Inc. (F) 

Scovill Mfg. Co. (A, B) 

Seneca Wire & Mfg. Co. (F) 

Sharpsville Stee! Fabricators, Inc. (F) 

South River Metal Products Co., Inc. (A) 

Stulz-Sickles Co. (F) 

Sylvania Electric Products Inc. (C, E, F) 

Titan Metal Mfg. Co. (B) 

Tyler, W. S. Co. (A, B, E, F) 

United Wire & Supply Corp. (A, B) 

Utility Mfg. Co. (A, B, F) 

Wal-Mar Corp. (A, F) 

Washburne Wire Co., Phillipsdale Div. (F) 

Wesco Spring Co. (A, B, F) 

Whitehead Metal Products Co., Inc. (A, 
B, E, F) 

Whyte, Oliver Co., Inc. (A, F) 

Wickwire Bros. Inc. (F) 


WIRE FORMS AND PARTS 

Ace Wire Spring & Form Co., Inc. (F) 

Acme Stamping & Mfg. Co. (A, B, F) 

All-Form Metal Products Co. (A, B, C, E, F) 

Alox Mfg. Co. (A, B, C, E, F) 

Aluminum Co. of America (A) 

American Mfg. Co. (A, F) 

American Reed Co., Inc. (C) 

American Steel & Wire Div., U.S. Steel Corp. 
(F) 

Anthes Force Oiler Co. (F) 

Armco Steel Corp. (F) 

Art Wire & Stamping Co. (A, B, C, D, E, 
F, G, H) 

Associated Spring Corp. (F) 

Bethlehem Steel Co. (F) 

Blacher Bros., Inc. (B, F) 

Blaco Mfg. Co. (F) 

Buffalo Wire Works Co. (A, B, E, F) 

Cambridge Wire Cloth Co. (A, B, E, F) 

Carpenter Steel Co. (F) 

Cartwright, R. Tube Products Co. (B) 

Cincinnati Pump & Mfg. Co., Inc. (F) 

Clendenin Bros. Inc. (A, B, F) 

Cleveland Metal Products Co. (A, B, E, F) 

Cleveland Wire Spring Co. (F) 

Colorado Fuel and Iron Corp. (F) 

Columbus Dental Mfg. Co. (F) 

Comerford Mfg. Co., Inc. (A, B, C, D, E, F, 
G, H) 

Dare Products, Inc. (F) 

Eastern Too! & Mfg. Co. (A, B, F) 

Electronic Parts Mfg. Co., Inc. (B, E) 

Elgin National Watch Co. (E) 

Empire Spring Co. (F) 

Farwell Metal Fabricating (A, B, C, D, E, 
F) 

Figley Die & Stamping Co. (F) 

Fryling Mfg. Co. (A, B, C, F) 

General Alloys Co. (A, B, E, F) 

General Findings & Supply Co., Industrial 

Div. (A, B, C, ED 







Grammes, L. F. & Sons, inc. (A, B, F) 

Greene, G. G. Corp. (F) 

Hayden Wire Works, Inc. (F) 

Hodges, William & Co., Inc. (F) 

Hunter Spring Co. (F) 

Industrial Precision Products (A, B, C, D, £ 
F, G, H) 

Irvington Form & Tank Corp. (F) 

Judd Industries, Inc. (A, F) 

King Laboratories, Inc. (A, E, F) 

Larkin Specialty Mfg. Co. (A, B, E, F) 

Leach & Garner Co., Industrial Div. (A 
B, E) 

Melco Wire Products (A) 

Metal Textile Corp. (A, B, E, F) 

Michigan Wire Cloth Co. (A, B, E, F) 

Mid-West Wire Products Co., Inc. (F) 

Morse, Fred W. Co. (A, B, F) 

Mutual Screw & Supply Corp. (A, B, C, F) 

Newark Wire Cloth Co, 

Ormond Mfg. Co., Inc. (A, B, C, E, F, H) 

Parker Metal Goods Co. (A, B, C, F) 

Penrod, Floyd & Sons Tool & Engineering 
Corp. (F) 

Pittsburgh Steel Co. (F) 

Reliable Spring & Wire Forms Co. (A, B, E, 

Republic Steel Corp. (F) 

Reynolds Wire Div., National-Standard Co. 
(A, B, E, F) 

Riverside-Alloy Metal Div., H. K. Porter Co., 
Inc. (B, E, F) 

Robertson Steel & Iron Co. (A, B, F) 

Rockford Bolt & Steel Co. (F) 

Roebling’s Sons, John A. (F) 

Rolock, Inc. (E) 

Servwwell Products Co. (F) 

Simonsen Metal Products Co. (A, B, F) 

Steel Heddle Mfg. Co. (A, B, C, D, E, F) 

Titchener, E. H. & Co. (A, B, E, F) 

Turner & Seymour Mfg. Co. (A, B, F) 

Wal-Mar Corp. (A, B, C, F) 

Ward, H. H. Co. (A, B, C, E, F, H) 

Waterbury Buckle Co. (A, B, F) 

Wesco Spring Co. (A, B, F) 

Whyte, Oliver Co., Inc. (F) 

Wilder Mfg. Co., Inc. (A, B, F) 

Wire and Iron Products, Inc. (A, B, C, E, F) 

Wood, John Co. (F) 

Worth Co. (A, B, D, F) 





WOOD AND WOOD-BASE 
MATERIALS (see also Cork and Paper) 


American Box Co. 

American Parboard Corp. 

American Plywood Div., Curtis Co., Inc. 

Artyle Industries, Inc. 

Balsa Ecuador Lumber Corp. 

Binswanger & Co. 

Bishop & Watrous Novelty Works 

Boos, John & Co. 

Brewer-Titchener Corp. 

Cavalier Corp. 

Coated Abrasive Products, Inc. 

Darlington Veneer Co., Inc. 

Delta Plywood Corp. 

Evans Products Co. 

Fibron Products Inc. 

Forest Fiber Products Co. 

Gamble Bros., Inc. 

Georgia-Pacific Corp. 

Haskelite Mfg. Corp. 

International Balsa Corp. 

International Paper Co., Long-Bell Div. 

Kipp & Co., Inc. 

Lignum-Vitae Products Corp. 

Lumb Woodworking Co., Inc. 

Martin Bros. Container & Timber Products 
Corp. 

Masonite Corp. 

Mengel Co. 

Met-L-Wood Corp. 

Midwest Mfg. Co. 



























Monteath, J. H. Co. 
National Starch Products, Inc. 
Nu-Ply Corp. 

Penn Veneer Co., Inc. 

Pilgrim Plywood Corp. 

Puget Sound Plywood, Inc. 
Roddis Plywood Corp. 

Tiffin Enterprise, Inc. 

Timber Products Co. 

U.S. Gypsum Co. 

U.S. Plywood Corp. 

Wabash Screen Door Co. 


WOOL FELTS (see Felts) 
WROUGHT IRON (see Iron) 


ZINC AND ITS ALLOYS 

Alpha Metals, Inc. (7) 

American Zinc Sales Co. (1, 2, 3, 8, 9) 

Apex Smelting Co. (8) 

Belmont Smelting & Refining Works, Inc. (1, 
2, 8, 10, 13) 

Bunker Hill Co., Sales & Fabrication Div. 
a2 

Chicago Smelting & Refining Corp. (8) 

Crown Non-Ferrous Foundry, Inc. (8) 





Duane Specialties, Ltd. (8) 

Eagle-Picher Co. (3, 10) 

Federated Metals Div., American Smelt- 
ing and Refining Co. (1, 2, 3, 8) 

Fox Products Co. (1) 

Hardy, Charles Inc. (10) 

Hodgson Foundry Co. (1) 

Jordan Co. (8) 

Iilinois Smelting & Refining Co. (2, 5, 8, 9, 
10, 12, 13, 14) 

Illinois Zinc Co., Div. of Hydrometals, Inc. 
(8, 9, 12, 13, 14) 

Kirk, Morris P. & Son, Inc. (1) 

Lavin, R. and Sons, Inc. (1, 8) 

Matthiessen & Hegeler Zinc Co. (1, 2, 3, 
7, 8, 9, 10, 12, 13, 14) 

McGean Chemical Co. (1) 

Metals Disintegrating Co. (10) 

New England Smelting Works, Inc. (2, 8) 

New Jersey Metals Co. (1) 

New Jersey Zinc Co. (1, 8, 10, 11, 14) 

Niagara Falls Smelting & Refining Div, Con- 
tinental Copper & Steel Industries Inc. 
(7, 8) 

Peerless Alloy Co. (2, 8) 

Pittsburgh Smelting & Refining Co. (8) 

Republic Metals Co., Inc. (2, 8, 9) 

St. Joseph Lead Co. (9) 





U.S. Reduction Co. (8) 
U.S. Smelting, Refining and Mining Co. (8) 
Wall Colmonoy Corp. (10) 


ZIRCONIUM AND ITS ALLOYS 

American Silver Co., Inc. (7, 14) 

Belmont Smelting & Refining Works, Inc. (8, 
10) 

Bridgeport Brass Co. (12) 

Carborundum Metals Co., Div. of Carborun- 
dum Co. (2, 3, 8, 9, 10, 12, 13, 14) 

Chase Brass & Copper Co. (2, 12) 

Columbia National Corp. (8) 

Firth Sterling Inc. (2, 3, 8, 12, 14) 

Foote Mineral Co. (2, 7, 13) 

General Plate Div., Metals & Controls Corp. 
(7, 14) 

Hardy, Charles Inc. (10) 

Harvey Aluminum Div., Harvey Machine Co., 
Inc. (2, 3, 8, 12) 

King Laboratories, Inc. (10) 

Metal Hydrides Inc. (8, 10) 

Niagara Falls Smelting & Refining Div., Con- 
tinental Copper & Steel Industries Inc. 
(8) 

Superior Steel Corp. (14) 

U.S. Industrial Chemicals Co., Div. Na- 
tional Distillers & Chemical Corp. (8) 


Addresses of Suppliers 


ACF Industries, Inc., American Car & 
sy Div., 30 Church St., New York 8, 
N. Y. 

AGP Corp., 320 W Main, Peru, Ind. 

aaRBee Plastic Co., 4505 W Jefferson Bivd., 
Los Angeles 16, Calif. 

Abco Aluminum & Brass Works, 5235 Griggs 
Rd., Houston 21, Tex. 

Abegg & Reinhold Co., 2533 E 26th St., 
Los Angeles 58, Calif. 

Able Tool & Engineering Co., 865 N San- 
gamon St., Chicago 22, Ill. 

Accurate Brass Co., Inc., 88th St. & 73rd 
Ave., Glendale, L. I., N. Y. 

Accurate Metal Weather Strip Co., Inc., 725 
S Fulton Ave, Mt. Vernon, N. Y. 

Accurate Sheet Metal & Mfg. Works, 2336 
N Milwaukee Ave., Chicago 47, Ill. 

Ace Metal Spinning, 4922-24 S Western 
Ave., Chicago 9, Ill. 

Ace Plastic Co., 91-30 Van Wyck Expy., 

Jamaica 35, N. Y. 


Ace Wire Spring & Form Co., Inc., Tunnel 
Way, McKees Rocks, Pa. 

Acme Aluminum Foundry Co., 6831 S Bell 
Ave., Chicago, Ill. 

Acme Foundry & Machine Co., 400 E Frisco, 
Blackwell, Okla. 

Acme Mfg. & Gasket Co., 738-40 N 41st 
St., Philadelphia 4, Pa. 

Acme Metal Spinning, Inc., 98 43rd Ave. 
NE, Minneapolis 21, Minn. 

Acme-Newport Steel Co., 9th & Lowell Sts., 
Newport, Ky. 

Acme Plating Co., 1563 E 21st St., Cleve- 
land 14, Ohio 

Acme Precision Products, Inc., 215 N Findlay 
St., Dayton 3, Ohio 

Acme Resin Corp., 1401 Circle Ave., Forest 
Park, Ill. 

Acme Specialties, Inc., 4326 N American St., 
Philadelphia 40, Pa. 

Acme Stamping & Mfg. Co., 201-209 Corliss 
St., Pittsburgh 20, Pa. 

Acme Steel & Malleable Iron Works, Buffalo 

7, N.Y. 





Acorn Refining Co., 8001 Franklin Bivd., 
Cleveland 2, Obio 

Acorn Sheet Metal Mfg. Co., Inc., 4605 W 
21st St., Chicago 50, Ill. 

Acro Metal Stamping Co., 332 E Reservoir, 
Milwaukee 12, Wis. 
Acushnet Process Co., Bellevilie Ave., 
New Bedford, Mass. (Ad p 183) 
Adamas Carbide Corp., Market & Passaic 
Sts., Kenilworth, N. J. 

Adams, S. G. Metalware Co., 2947 Delmar 
Pl., St. Louis, Mo. 

Adams Plastic Products, Finlay & Providence 
Sts., Cincinnati, Ohio 

Adcraft Mfg. Co., 455-57 N Oakley Bivd., 
Chicago 12, Ill. 

Adelphi Paint & Color Works, Inc., 86-00 
Dumont Ave., Ozone Park 17, N. Y. 

Adhesive Products Corp., 1616 Boone Ave., 
New York 60, N. Y. 

Adirondack Foundries & Steel, Inc., Water- 
viiet, N. Y. 

Admiral Corp., Molded Products Div., P. 0. 

Box 338, West Chicago, Ill. 
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Addresses of Suppliers 


Advance Aluminum Casting Corp., 2742 W 
36th Pl., Chicago 32, Ill. 
Advance Foundry Co., 107 Seminary 
Ave., Dayton 3, Ohio (Ad p 356) 
Advance Tool & Die Casting Co., 3760-3782 
N Holton St., Milwaukee 12, Wis. 
Aelco Brass Foundry, 1980 S 4th St., Mil- 
waukee 4, Wis. 
Aero Screw Co., Inc., Wilmington Rd., Bur- 
lington, Wis. 
Aerolite Electronics Corp., 507 26th St., 
Union City, N. J. 
Aerovox Corp., Crowley Div., 1 Central Ave., 
West Orange, N. J. 
Aetna Felt Co., 204 Centre St., New York, 
N. Y. 
Aetna Steel Co., P. 0. Box 2090, Jacksonville 
3, Fla. 
Alr Reduction Co., Inc., Colton Chemical Co. 
Div., 1747 Chester Ave., Cleveland 
14, Ohio 
Air Reduction Sales Div., 60 E 42nd 
St., New York, N. Y. 
Aircraft Screw Machine Products Co., 3521 
N Halsted St., Chicago 13, Ill. 
Akron Standard Molded Co., Lectromelt 
Casting Div., Houston St., Barberton, Ohio 
Alabama Wire Co., Inc., P. 0. Box 562, 
Florence, Ala. 
Aladdin Products Co., 26-04 Borough PI., 
Woodside 77, N. Y. 
Alan Wood Steel Co., Wood Rd., Consho- 
hocken, Pa. 
Albany Car Wheel Co., Inc., 185 Broadway, 
Menends, N. Y. 
Albany Novelty Mfg. Co., 107 W Canton St., 
Boston 18, Mass. 
Albert Lea Foundry Co., 910 Marshall Ave., 
Albert Lea, Minn. 
Albert Pipe Supply Co., Inc., 8 Berry St., 
Brooklyn 11, N. Y. 
Albi Mfg. Co., Inc., 98 E Main St., Rockville, 
Conn. 
Albion Malleable Iron Co., Albion, Mich. 
Albright Son & Co., 123 N Front St., Allen- 
town, Pa. 
Alcasco Foundry, 14823 Loomis, Harvey, Ill. 
Alco Products, Inc., 30 Church St., New 
York, N. Y. 
Thermal Products Div., Dunkirk, N. Y. 
Alexander Bros. Belting Co., Walnut St. & 
Princess Ave., Camden 3, N. J. 
Alexander, E. P. & Son, Clifton Heights, Pa. 
All Plastics Corp., Field & Main, Avon-by- 
the-Sea, N. J. 
Allegheny Foundry Co., 915 Behan St., Pitts- 
burgh 33, Pa. 
Allegheny Ludlum Steel Corp., Oliver 
Bidg., Pittsburgh 22, Pa. (Ad p 73) 
Allegheny Plastics, Inc., Rt. 51 & Thorn Run 
Rd., Coraopolis, Pa. 
All-Form Metal Products Co., 13000 Athens 
Ave., Cleveland 7, Ohio 
Allianceware, Inc., P. 0. Box 809, Alliance, 
Ohio 
Allied Chemical & Dye Corp.; 61 Broadway, 
New York 6, N. Y. 
Barrett Div., 40 Rector St., New York 
6, N. Y. 
General Chemical Div., 40 Rector St., 
New York 6, N. Y. 
Allied Machine Products Co., 6174 Concord 
Ave., Detroit 11, Mich. 
Allied Products Corp., Powdered Metal Parts 
Div., 456 E Cady St., Northville, Mich. 
Allied Research Products Inc., 4004 E 
Monument St., Baltimore 5, Md. 
(Ad p 273) 

Allied Steel Castings Co., 1225 W 120th St., 
Chicago 43, Ill. 

Allied Tube Corp., Bristol & Bath Sts., Phila- 
delphia 37, Pa. 

Allis-Chaimers Mfg. Co., 501 N 3rd St., La- 
Crosse, Wis. 

Allmetal Screw Products Co., Inc., 821 

Stewart Ave., Garden City, N. Y. 
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All-Metals Precision Casting Corp., 26 School 
St., Yonkers 2, N. Y. 

Alloy Cast Steel Co., Rose Ave., Marion, Ohio 

Alloy Metal Powders, Inc., 238 Eagle St., 
Brooklyn, N. Y. 

Alloy Metal Products, Inc., Rockingham Rd., 
Davenport, Iowa 

Alloy Metal Wire Co., Inc., Moore Station, 
Prospect Park, Pa. 

Alloy Precision Castings Co. 3885 W 
150th St., Cleveland 11, Ohio (Ad 
p 312) 

Alloy Products Corp., 1045 Perkins Ave., 
Waukesha, Wis. 

Alloy Rods Co., York 7, Pa. 

Alloy Steel Casting Co., Southampton, Pa. 

Alloy Steel & Metals Co., 1848 E 55th St, 
Los Angeles 58, Calif. 

Alloy Surfaces Co., 100 Justison St., Wil- 
mington 99, Del. 

Alloys & Chemicals Mfg. Co., 4365 Bradley 
Rd. SW, Cleveland 9, Ohio 

All-State Welding Alloys Co., Inc., 249 Ferris 
Ave., White Plains, N. Y. 

Almco Steel Products Corp., Wabash Ave., 
Bluffton, Ind. 

Almont Mfg. Co., 335 E 3rd St., Imlay City, 

Mich. 


Alofs Mfg. Co., 345 32nd St. SW, Grand 
Rapids 8, Mich. 
Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. 
Alpha Metals, Inc., 56 Water St., Jersey City 
4, N. J. 
Alphaloy Div., 2250 S Lumber St., 
Chicago, Il. 
Alpha Molykote Corp., 65 Harvard Ave., 
Stamford, Conn. 
Alpha Products, Inc., 6825 S Chicago Ave., 
Chicago 37, Ill. 
Alpha Wire Corp., 190-200 Varick St., New 
York 14, N. Y. 
Alsynite Co. of America, 4654 DeSoto St., 
San Diego 9, Calif. 
Aluminium Ltd. Sales, Inc., 630 5th Ave., 
New York 20, N. Y. 
Aluminum Casting & Engineering Co., 2039 
S Lenox St., Milwaukee 7, Wis. 
Aluminum Co. of America, 1501 Alcoa 


Bidg., Pittsburgh 19, Pa. (Ad p 
339) 


Aluminum Extrusions, Inc., 815 Shepherd 
St., Charlotte, Mich. 

Aluminum Finishing Corp., 1012 E 21st St, 
Indianapolis 2, Ind. 

Aluminum Foils, Inc., P. 0. Box 540, Jack- 
son, Tenn. 

Aluminum Goods Mfg. Co., Manitowoc, Wis. 

Aluminum Industries, Inc., 3670 Werk Rd., 
Cincinnati 11, Ohio 

Aluminum & Magnesium, Inc., 1 Huron St., 
Sandusky, Ohio 

Aluminum Permanent Mold Co., 1054 
Front Ave. NW, Grand Rapids 4, 
Mich. (Ad p 356) 

Aluminum Smelting & Refining Co., Bed- 
ford, Ohio 

Aluminum Specialty Co., 17th & Wollmer 
Sts., Manitowoc, Wis. 

Amalgamated Steel Corp., 7835 Broadway 
Ave., Cleveland 5, Ohio 

Ambassador Plastics & Mfg. Corp., 308 W 
Erie, Chicago 10, Ill. 

Amco Plastic Pipe Co., 2002 Davis St., San 
Leandro, Calif. 

Amercoat Corp., 4809 Firestone Blivd., South 
Gate, Calif. 

American Agile Corp., 5461 Dunham Rd., 
Maple Heights, Ohio 

American Aluminum Casting Co., 324 Coit 
St., Irvington 11, N. J. 

American Asbestos Textile Corp., Stabridge 
& Sterigere Sts., Norristown, Pa. 

American Box Co., 1900 W 3rd St., Cleve- 

land 13, Ohio 


American Brake Shoe Co., 530 sth 
Ave., New Vork 36, N. Y. (Aq 
p 351) 
American Manganese Steel Div., 388 F 
14th St., Chicago Heights, Ill. 
Amforge Div. 155 N Wacker Dr, 
Chicago 30, Ill. 
Brake Shoc & Castings Div., 230 Park 
Ave., New York, N. Y. 
Electro-Alloys Div., Taylor St. & Abbe 
Rd., Elyria, Ohio 
National Bearing Div., 4930 Manchester 
Ave., St. Louis, Mo. 
American Brass Co., 25 Broadway, 
New York 4, N. Y¥. (Ads pp 
412, 311) 
American Metal Hose Div., 698 S Main 
St., Waterbury 20, Conn. 

American Cast Iron Pipe Co., 2930 
16th St. N, Birmingham 4, Ala. (Ad 
p 310) 

American Chain & Cable Co., Inc., Reading, 
Pa. 

American Chemical Paint Co., Ambler, 
Pa. (Ad p 264) 

American Crucible Products Co., 1305 Oberlin 
Ave., Lorain, Ohio 

American Cynamid Co., Plastics & Resins 
Div., 30 Rockefeller Plaza, New York 20, 
N. Y. 

American Electric Cable Co., 181 Appleton 
St., Holyoke, Mass. 

American Electrical Products Co., P. 0. Box 
200, 653 Lida St., Mansfield, Ohio 

American Emblem Co., Inc., P. 0. Box 116, 
Utica 1, N. Y. 

American Fabricated Products Co., 1420 E 
20th St., Indianapolis 7, Ind. 

American Felt Co., Glenville, Conn. 
(Ad p 245) 

American Foundries Co., 330 2nd St., Milan, 
Mich. 

American Foundry Co., Inc., 1100 S Tibbs 
Ave., Indianapolis 21, Ind. 

American Hard Rubber Co., 93 Worth 

St., New York 13, N. Y. (Ad pp 
198, 199) 

Supplex Co. Div., 225 North Ave., Gar- 
wood, N. J. 

American Insulator Corp., New Free- 
dom, Pa. (Ad p 324) 

American Kleer-Vu Plastics, Inc., 53-06 
Grand Ave., Maspeth 78, N. Y. 

American Latex Products Corp., 3341 W El 
Segundo Bivd., Hawthorne, Calif. 

American Laundry Machinery Co., Rochester, 
N. Y. 

American Lava Corp., Cherokee Blvd. & Man- 
ufacturers Rd., Chattanooga 5, Tenn. 

American Light Alloys, Inc., 1265 McBride 
Ave., Little Falls, N. J. 

American Luminous Products Co., 6420 Mar- 
brisa Ave., Huntington Park, Calif. 

American Machine & Foundry Co., 
Cleveland Welding Div., W 17th & 
Berea Rd., Cleveland 11, Ohio (Ad 
p 349) 

American Malleable Castings Co., Marion, 
Ohio 

American Manganese Bronze Co., Rhawn & 
Torresdale Aves., Philadelphia 36, Pa. 

American Mfg. Co., 124 Chestnut, Chatta- 
nooga 2, Tenn. 

American Metal Co., Ltd., 61 Broad- 
way, New York 6, N. Y. (Ad pp 
114, 115) 

American Metal Products Co., Linsdale Ave., 
Detroit 4, Mich. 

American Metal Products, Inc. 4500 W 
Mitchell Ave., Cincinnati 32, Ohio 

American Molding Co., 2002 Davis St., San 
Leandro, Calif. 

American Molding Powder & Chemical Co., 
703 Bedford Ave., Brooklyn 8, N. Y. 

American Nickel Alloy Mfg. Corp., 30 Vesey 
St., New York 7, N. Y. 

American Nickeloid Co., 2nd & West Sts., 

Peru, Ind. 











american Parboard Corp., Black Moutain, 

wae Pipe & Construction Co., 518 NE 
Columbia Blvd., Portland 11, Ore. 

American Plastics Corp., 342 Madison Ave., 
New York 17, N. Y. 

American Platinum Works, Newark 5, N. J. 

American Potash & Chemical Co., 122 E 
42nd St., New York, N. Y. 

American Powdered Metals, Inc., North 
Haven, Conn. 

American Products Mfg. Co., Inc., 8127-33 
Oleander St., New Orleans 18, La. 

American Reed Co., Inc., 2 S Broadway, 
Lawrence, Mass. 

American Reinforced Plastics Co., 12827 E 
Imperial Hwy., Norwalk, Conn. 

American Rubber Products Corp. 315 
Brighton, LaPorte, Ind. 

American Sand-Banum Co., Inc., Meadow 
Brook National Bank Bldg., Freeport, 
N. Y. 

American Sanitary Mfg. Co., 499 Latimer, 
Abington, IIl. 

American Screw Products Co., 5943 Martin 
Ave., P. 0. Box 96, Detroit 10, Mich. 
American Sheet Metal Works, Inc., 16 Jef- 

ferson St., Waterbury 20, Conn. 

American Silver Co., Inc., 36-07 Prince St., 
Flushing 54, N. Y. 

American Sinteel Corp., 318 Yonkers Ave., 
Yonkers 2, N. Y. 

American Smelting & Refining Co., Barber, 

N. J. 

Federated Metals Div., 120 Broad- 
way, New York 5, N. Y. (Ads 
pp 117, 118, 119, 120, 132, 
270, 350, 426) 

American Solder & Flux Co., 19th & Willard 
Sts., Philadelphia 40, Pa. 

American Stamping Co., 26650 Lakeland 
Bivd., Cleveland 32, Ohio 

American Standard Co., Youngstown Kitchens 
Div., Ellsworth Ave., Salem, Ohio 

American Steel Foundries, Prudential Plaza, 
Chicago 1, Ill. 

American Steel & Pump Corp., Oklahoma 
Steel Castings Div., 1200 N Peoria Ave., 
Tulsa, Okla. 

American Synthetic Rubber Corp., 500 5th 
Ave., New York 36, N. Y. 

American Valve & Enameling Corp., 2855 
S Holt Rd., Indianapolis 21, Ind. 

American Viscose Corp., Film Div., 
1617 Pennsylvania Bivd., Philadel- 
phia 3, Pa. (Ad p 243) 

American Welding & Mfg. Co., 190 Dietz 
Rd., Warren, Ohio 

American Zinc Sales Co., 1522 Paul Brown 
Bidg., St. Louis 1, Mo. 

Amersil Co., Inc., 686 Ramsey Ave., Hillside 
5S, B. &b 

Ames, W. & Co., 417 Communipaw Ave., 
Jersey City 4, N. J. 

Amos-Thompson Corp., Amos Molded 


Plastics Div., Edinburg, Ind. (Ad p 
337) 


Ampco Metal, Inc., 1753 S 38th St., Mil- 
waukee 46, Wis. 

Anaconda Aluminum Co., 25 Broadway, New 
York 4, N. Y. 

Anchor Metal Co., Inc., 966 Meeker Ave., 
Brooklyn 22, N. Y. 

Anchor Metal Spinning, 46 Fiuhart Ave., 
Dayton, Ohio 

Anchor Plastics Co., 36-36 36th St., 
Long Island City 6, N. Y. (Ad p 
338) 

Anderson Associates, Inc., 1702 Wayne St., 
P. 0. Box 674, Toledo 1, Ohio 

Anderson-Bolling Mfg. Co., Grand Haven, 
Mich. 

Anderson, 0. L. Co., Inc., 1347 E Fort St., 
Detroit 7, Mich. 
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Anesite Co., 3575 Touhy Ave., Chicago 45, Ill. 
Anthes Force Oiler Co., 20th St. & Ave. M, 
Fort Madison, Iowa 
Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. 
Apex Foundry Inc., 633 Lycaste Ave., Detroit 
14, Mich. 
Apex Smelting Co., 2537 W Taylor St., Chi- 
cago 12, Ill. 
Apex Steel Corp. Ltd., 6920 E Slauson, Los 
Angeles 22, Calif. 
Apollo Metal Works, 6678 S Oak Park Ave., 
Chicago 38, Ill. 
Appleton Electric Co., 1701 W Wellington 
Ave., Chicago 13, Il. 
Applied Instruments, Inc., 25 Will Pl., Brook- 
lyn 7, N. Y. 
Approved Mfg. Co., Inc., 307990 W 8th Mile 
Rd., Farmington, Mich. 
Arbonite Corp., 900 N Main St., Doylestown, 
Pa. 
Archer-Daniels-Midland Co., 700 Investors 
Bidg., Minneapolis, Minn. 
Arcos Corp., 1502 S 50th St., Philadelphia, 
Pa. 
Ar-Dee Screw Products Co., Inc., 1885 N 
Clybourn Ave., Worcester 5, Mass. 
Argosy Products, Inc., 7504 Carnegie Ave., 
Cleveland 3, Ohio 
Arkansas Foundry Co., 1423 E 6th St., Box 
231, Little Rock, Ark. 
Armco Steel Corp., 703 Curtis St., Middle- 
town, Ohio 
Sheffield Div., Sheffield Station, Kansas 
City 25, Mo. 
Armet Alloys Inc., Box 3562, Cleveland 18, 
Ohio 
Armitage, John L. & Co., 245 Thomas St., 
Newark, N. J. 
Armor Metal Products Co., 3408 Beekman, 
Cincinnati 23, Ohio 
Armstrong Cork Co., W Liberty St., Lan- 
caster, Pa. 
Armstrong Products Co., P. 0. Box 1-MM, 
Warsaw, Ind. 
Arneson Foundry, Inc., 3303 66th St., 
Kenosha, Wis. 
Arnold Engineering Co., P. 0. Box G, Maren- 
go, Ill. 
Arrow Sintered Products Co., 1900 S Kost- 
ner Ave., Chicago, Ill. 
Arrowhead Products, 2300 Curry St., Long 
Beach 5, Calif. 

Art Wire & Stamping Co., 227 High 
St., Newark 2, N. J. (Ad p 324) 
Artex Felt Co., 62 W 39th St., New York 

18, N. Y. 

Artmor Plastics Corp., 1003 Oldtown Rd., 
Cumberland, Md. . 
Artyle Industries, Inc., Box 28, Eaton, Ohio 

Arvin Industries, Columbus, Ohio 

Arwood Precision Casting Corp., 321 W 44th 
St., New York 36, N. Y. 

Arzt, T. L. Foundry Co., 4020 W Schubert 
Ave., Chicago 39, Ill. 

Asbestos Corp. of America, 31 North Ave., 
Garwood, N. J. 

Asbestos Textile Co., Inc., 165 W Wacker 
Dr., Chicago 1, Ill. 

Asco Sintering Corp., 7799 Telegraph Rd., 
Los Angeles, Calif. 

Ashby Mfg. Co., 1601 Woodson Rd., St. 
Louis 11, Mo. 

Ashland Oil & Refining Co., Valvoline Co. 
Div., 3rd Ave., Freedom, Pa. 

Ashtabula Mfg. Co., W 30th St., Ashtabula, 
Ohio 

Associated Engineering & Mfg. Corp., Glen 
Ridge, N. J. 

Associated Spring Corp., 18 Main St., Bristol, 
Conn. 

Associated Spring Corp., Milu Div., 341 E 
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Erie, Milwaukee, Wis. 

Atech, Inc., 3839 Pitt St., Toledo 12, Ohio 

Athenia Steel Co., Clifton Ave., Clifton, 
N. J. 

Atlanta Tool Co., Inc., 670 Boulevard NE, 
Atlanta 5, Ohio 

Atlantic Bag Co., 435 S 5th St., Brooklyn | 
11, N. Y. | 

Atlantic Brass Works, Inc., 2600 W Addison | 
St., Chicago 18, Ill. | 

Atlantic Casting & Engineering Corp., 810 | 
Bloomfield Ave., Clifton, N. J. 

Atlantic Foundry Co., 182 Beaver St., Akron 
4, Ohio 

Atlantic Steel Casting Co., 6th & Lloyd Sts., 
Chester, Pa. 

Atlas Brass Foundry, 1901 Santa Fe Ave., | 
Los Angeles 21, Calif. | 

j 




















































































Atlas Enameling Co., Inc., 2020 N Broadway, 


St. Louis, Mo. 
Atlas Foundry Co., 3600 W 69th St., Cleve- 
land 2, Ohio 
Atlas Foundry Co., 131 S Livernois Ave., 
Detroit, Mich. 


Atlas Foundry & Machine Co, 3012 S 
Wilkeson St., Tacoma, Wash. 

Atlas Mineral Products Co., Mertztown, Pa. 

Atlas Powder Co., Wilmington 99, Del. 

Atlas Steel Construction Co., 20 Vesey St., 
New York 7, N. Y. | 

Auburn Foundry Inc., W 11th St., Auburn, | 
Ind. | 

Auburn Mfg. Co., 20 Stack St., | 
Middletown, Conn. (Ad p 332) 

Auburn Plastic Engineering, 742 W 79th St., 
Chicago 20, Iil. 

Auburn Plastics, Inc., 48 Canoga St., Au- 
burn, N. Y. 

Auburn Rubber Co., Inc., W 11th St., Au- 
burn, Ind. 

Auburn Spark Plug Co., Inc., 89 York St., 
Auburn, N. Y. 

Aue! Industries, Herminie, Pa. 

Auld, D. L. Co., 5th Ave. & 5th St., Colum- 
bus, Ohio 

—_ Metal Co., 614 W Park Ave., Aurora, 
tl. 

Aurora Refining Co., P. 0. Box 88, Aurora, 
ll. 

Austenal, Inc., 224 E 39th St., New 
York 19, N. Y. (Ad p 317) 

Autel Electronics Co., Precision Machine & 
Welding Div., 1122 E St. George Ave., 
Linden, N. J. 

Auto Glass Mfg. Co., 8701 Grinnell Ave., 
Detroit 13, Mich. 

Auto Specialties Mfg. Co., 643 Graves St., 
St. Joseph, Mich. 

Automatic Metal Products Corp., 315-323 
Berry St., Brooklyn 11, N. Y. 

Automotive Rubber Co., Inc., 12550 Beech 
Rd., Detroit 28, Mich. 

Avco Mfg. Corp., 420 Lexington Ave., New 

York, N. Y. 
American Kitchens Div., 18th & Colum- 
bia, Connersville, Ind. 

Avondale Co., 260 Happ Rd., Northfield, IIl. 

Avril, G. A. Co., Este Ave. &B& ORR, 
Cincinnati, Ohio 








b Addresses 
of Supplier 


B G Corp., 321 Broad Ave., Ridgefield, N. J. 

B & T Metals Co., 425 Town St., Columbus 
16, Ohio 

Babbitt Chemical Co., 36 Prospect, New 
Bedford, Mass. 

Babcock & Wiicox Co., Tubular Prod- 
ucts Div., Beaver Falis, Pa. (Ad 
p 348) 

Babson-Dow Mfg. Co., 60 Fulda St., Rox- 
bury 19, Mass. 

Backus Novelty Co., 411 Water St., Smeth- 

port, Pa. 












Addresses of Suppliers 





Bacon Felt Co., 427 W Water St., Taunton, 
Mass. 
Badger Automatic Products Corp., 3637 S 
Ellen St., Milwaukee 7, Wis. 
Badger Die Casting Co., 201 W Oklahoma 
Ave., Milwaukee 7, Wis. 
Badger Malleable & Mfg. Co., South Milwau- 
kee, Wis. 
Baer, N. S. Co., 1-11 Montgomery St., Hill- 
side, N. J. 
Baker & Co., Inc., 113 Astor St., Newark 2, 
N. J. 
Balas Collet Mfg. Co., 1557 E 27th St., 
Cleveland 14, Ohio 
Baldwin-Lima-Hamilton Corp., Standard Steel 
Works Div., Paschall Station, Philadelphia, 
Pa. 
Baldwin Mfg. Co., 140 Homer St., Water- 
bury 20, Conn. 
Bally Metal Products, Inc., Bally, Pa. 
Balsa Ecuador, Lumber Corp., 502 Fifth 
Ave., New York 36, N. Y. 
Bamberger, Claude P. Inc., 1 Mt. Vernon St., 
Ridgefield Park, N. J. 
Banner Iron Works, St. Louis, Mo. 
Barclay Mfg. Co., 1013 S Council 
Muncie, Ind. 
Barnard Foundry Co., Inc., 9 Roseland St., 
Springfield 7, Mass. 
Barnett Foundry & Machine Co., Irvington, 
N. J. 
Bar-Ray Products, 209 25th St., Brooklyn 
32, N. Y. 
Barrett Varnish Co., 1532 S 50th Court, 
Cicero 50, Ill. 
Barrows Porcelain Enamel Corp., Langdon 
Farm Rd. & Penn R.R., Cincinnati 17, Ohio 
Bart Mfg. Corp., 227 Main St., Belleville 9, 
N.J. 
Barth Smelting Corp., 99-129 Chapel St., 
Newark 5, N. J. 
Bartlett-Thompson Co., Inc., 26 Water St., 
Wakefield, Mass. 
Barton Products Corp., P. 0. Box 305, West 
Bend, Wis. 
Bassichis Co., 2323 W 3rd St., Cleveland 
13, Ohio 
Bassick Co., Howard Ave., Bridgeport, Conn. 
Bassons Industries Corp., 1432 W Farms Rd., 
Bronx 60, N. Y. 
Bausch & Lomb Optical Co., 626 St. Paul 
St., Rochester 2, N. Y. 
Baxter Foundry & Machine Works, Inc., 1501 
Capitol Blivd., Boise, Id. 
Bay City Electric Steel Casting Co., Trum- 
bell St., Bay City, Mich. 
Bay City Forge Co., 1802 Cranberry St., 
Erie, Pa. 
Bay Ridge Specialty Co., Inc., 96 Stokes St., 
Trenton 7, N. J. 
Bay State Refining Co., Inc., 9 Montgomery 
St., Chicopee Falls, Mass. 
Bay State Stamping Co., 372 Chandler St., 
Worcester, Mass. 
Bay State Tool & Machine Co., 412 Albany, 
Springfield 4, Mass. 
Bayley Products, Inc., 19155 Glendale Ave., 
Detroit 5, Mich. 
Beacon Metal Mfg. Co., 1127 Atlantic Ave., 
Brooklyn 16, N. Y. 
Bean, Morris & Co., Hyde Rd., Yellow 
Springs, Ohio 
Beatty Machine & Mfg. Co., 940 150th St., 
Hammond, Ind. 
Beaver Valley Alloy Foundry Co., Atlantic 
Ave., Monaca, Pa. 
Beck Products Corp., 12255 E 8th Mile Rd., 
Detroit 5, Mich. 
Beck, I. & Sons, Inc., 256 Mott St., New 
York 12, N. Y. 
—. - _— 42 W 38th St., New York 
Bee Chemical Co., 12907 S Stony Island 
Ave., Chicago, Ill. 
Behringer Metal Works, Inc., 108 Jabez St., 
Newark 5, N. J. 


St., 
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Belcher Malleable Iron Co., 558 Foundry St., 
Eaton, Mass. 

Belding Corticelli Industries, 1407 Broadway, 
New York 18, N. Y. 

Belko Corp., Kingsville, Md. 

Bell, David Co., Inc., 1555 Fillmore Ave., 
Buffalo 11, N. Y. 

Belle City Malleable Iron Co., 1442 Forest 
St., Racine, Wis. 

Belmet Products, Inc., 503 Morgan Ave., 
Brooklyn 22, N. Y. 

Belmont Aluminum Extrusion Co., 1228 Bel- 
mont Ave., Philadelphia 4, Pa. 

Belmont Smelting & Refining Works, Inc., 
330 Belmont Ave., Brooklyn 7, N. Y. 

Beloit Iron Works, Rock River, Beloit, Wis. 

Benada Aluminum Products Co., 37 James 
St., Girard, Ohio 

Bendix Aviation Corp., Teterboro, N. J. 
(Ad p 331) 

Benjamin Electric Mfg. Corp., 
Hwy., Des Plaines, Ill. 

Bennett Mfg. Co., 41 Mechanic, Alden, N. Y. 

Bergen Point Iron Works, 233 Broadway, 
New York 7, N. Y. 

Bergfeld, William & Co., 10 Orchard St., 
Newark 2, N. J. 

Beryl Ores Co., Kettner & Alkite, Arvada, 
Colo. 

Beryllium 


Northwest 


Corp., Tuckerton Rd., Read- 
ing, Pa (Ad pp 139, 140) 

Bethandale Corp., 24040 Lakeland Bivd., 
Cleveland 23, Ohio 

Bethlehem Steel Co., 701 3rd St., Bethle- 
hem, Pa. 

Better Finishes & Coatings Inc., 270 Doremus 
Ave., Newark, N. J. 

Bettinger Corp., Gore St., Waltham, Mass. 

Bickford, F. H. Co., 1529 S Broadway, Day- 
ton 8, Ohio 

Biddle Screw Products Co., P. 0. Box 71, 
Sheridan, Ind. 

Biersach & Niedermeyer Co., 1936 N Hub- 
bard St., Milwaukee, Wis. 

Biggs, Carl H. Co., Inc., 2255 Barry Ave., 
Los Angeles 64, Calif. 

Billings & Spencer Co., 1 Laurel St., Hart- 
ford 1, Conn. 

Binswanger & Co., 3300 W Leigh St., Rich- 
mond, Va. 

Bio-Rad Laboratories, 800 Delaware St., 
Delaware, Calif. 

Birdsboro Steel Foundry & Machine Co., 
Birdsboro, Pa. 

Bischoff Chemical Corp., 120 Main, Ivoryton, 
Conn. 

Bishop, J. & Co., Platinum Works, 
Malvern, Pa. (Ad p 330) 

Bishop & Watrous Novelty Works, Chester, 
Conn. 

Bishopric Products Co., 4413 Este Ave., 
Cincinnati 32, Ohio 

Bisonite Co., P. 0. Box 84, Kenmore Station, 
Buffalo 17, N. Y. 

Blacher Bros. Inc., 299 Carpenter St., Provi- 
dence 9, R. I. 

Black Bear Co., Inc., 44-45 23rd St., Long 
Island City 1, N. Y. 

Black-Clawson Co., Keuthan Foundry Div., 
1700 Grand Ave., Middletown, Ohio 

Blackmer Pump Co., Dover, Ohio 

Blackmer Pump Co., 1809 Century Ave. SW, 
Grand Rapids, Mich. 

Blaco Mfg. Co., 6541 Euclid Ave., Cleveland 
8, Ohio 

— Forging Co., Plant PI., Plantsville, 


Blank, Arthur & Co., Inc., 38 Causeway St., 
Boston 14, Mass. 

Blaw Knox Co., Pittsburgh, Pa. 

Bliss, E. W. Co., Mackintosh-Hemphill Dw., 
901 Bingham St., Pittsburgh, Pa. 

Bliss & Laughlin, Inc., 281 E 155th St., 
Harvey, Ill. 

Blossom Mfg. Co., Inc., 292 5th Ave., New 
York 1, N. Y. 










Boatright Paint & Varnish Works, Inc., P, 9. 
Box 306, Norcross, Ga. 
Boehm Screw Products Co., 7114 W Jeffer- 
son, Detroit 17, Mich. 
Bohn Aluminum & Brass Corp., 1400 La- 
fayette Bidg., Detroit 26, Mich. 
Bond, Charles & Co., 617 Arch St., Phila- 
delphia 6, Pa. 
Bond International, Inc., 783 S Deacon, 
Detroit 17, Mich. 
Bone Engineering Corp., 701 W Broadway, 
Glendale 4, Calif. 
Bonney-Floyd Co., 611 Marion Rd., Columbus 
7, Ohio 
Bonnot Co., 722 Mulberry Rd. SE, Canton 
2, Ohio 
Booker & Wallstad, Inc., 3336 Gorham Ave., 
Minneapolis 26, Minn. 
Boonton Molding Co., 326 Myrtle Ave., Boon- 
ton, N. J. 
Boos, John & Co., Ist & National Sts., 
Effingham, Ill. 
Booty Resineers, Inc., 42 S 3rd St., Newark, 
Ohio 
Borden Co., Chemical Div., 350 Madison Ave., 
New York 17, N. Y. 
Borg-Warner Corp., 310 S Michigan Ave., 
Chicago, Ill. 
Franklin Steel Div., Franklin, Pa. 
Ingersoll Products Div., 1000 W 120th 
St., Chicago 43, Ill. 
Marbon Chemical Div., 7165 Chicago 
Ave., Gary, Ind. 
Boruski, Ernest F. Jr., 505 5th Ave., New 
York 17, N. Y. 
Boston Felt Co., 210 South St., Boston 11, 
Mass. 
Boston Gear Works, 14 Hayward St., Quincy 
71, Mass. 
Boston Metals Co., Baldt Anchor, Chain & 
Forge Div., 6th & Butler Sts., Chester, Pa. 
Both, 0. A. Corp., Nickerson Rd., Ashland, 
Mass. 
Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 
Bowling Green Rubber Co., 4143 Monroe St., 
Toledo 13, Ohio 
Bradley Mining Co., 660 Market St., San 
Francisco 4, Calif. 
Bradley Paint Co., 609 W Crawford Ave., 
Connellsville, Pa. 
Bradley & Vrooman Co., 2629 S Dearborn 
St., Chicago 16, Ill. 
Brandt, Charles T., Inc., 1700 Ridgely St, 
Baltimore 30, Md. 
Brasco Mfg. Co., Harvey, Ill. 
Brewer-Titchener Corp., 111 Port Watson 
St., Cortland, N. Y. 
Bridgeport Brass Co., 30 Grand St., Bridge- 
port 2, Conn. 
Hunter-Douglas Aluminum Div., 3016 
Kansas Ave., Riverside, Calif. 
Bridgeport Rolling Mills Co., P. 0. Box 818, 
Bridgeport 1, Conn. 

Briggs-Shaffner Co., 500 Brookstown Ave., 
Winston-Salem, N. C. 

Brinkerhoff Brass & Bronze Works Inc., 57¥2 
Dey St., New York 7, N. Y. 

Bristol Brass Corp., 580 Broad St., Bristol, 
Conn. 

Broadway Mfg. Co., P. 0. Box 252, Spring- 
dale Rd., Waukesha, Wis. 

Brockway Pressed Metals, Inc, 921 Clark St., 
Brockway, Pa. 

Bronze & Steel Die Casting Co., Plano, Ill. 

Brooklyn Paint & Varnish Co., Inc., 50 Jay 
St., Brooklyn, N. Y. 
Brooks & Perkins, Inc., 1950 W Fort 
St., Detroit 16, Mich. (Ad p 316) 
Brown Corp., 213 Bellevue Ave., P. 0. Box 
1374, Syracuse 1, N. Y. 

Brown Rubber Co., Inc., P. 0. Box 1000, 
Lafayette, Ind. 

Bruce Foundry & Mfg. Co., 4040 S Evans 
St., Tecumseh, Mich. 





























Brush Beryllium Co., 4301 Perkins 
Ave., Cleveland 3, Ohio (Ad p 128) 


Buchmann Spark Wheel Corp., 4-20 47th 
Ave., Long Island City 1, N. Y. 

Buckeye Brass & Mfg. Corp., 6410 Haw- 
thorne Ave., Cleveland 3, Ohio 

Buckeye Iron & Brass Works, 324 E 3rd St., 
Dayton 1, Ohio 

Buckeye Molding Co., 3rd St., Miamisburg, 
Ohio 

Budd Co., Continental-Diamond Fibre Div., 
Newark, Del. 

Budd-Stanley Co., Inc., 43-01 22nd St., Long 
Island City 1, N. Y. 

Buffalo Wire Works Co, 320 Terrace, Buffalo 
2 ws 

Bullock, W. J. Inc., P. 0. Box 539, Fairfield, 
Ala. 

Bulwark Corp. of America, 9629 E El Poche 
St., El Monte, Calif. 

Bunker Hill Co., 660 Market St., San Fran- 
cisco 4, Calif. 

Bunting Brass & Bronze Co., 715 Spencer 

St., Toledo 1, Ohio 
Detroit Sintered Metals Div., Milgore 
Rd., Kalamazoo, Mich. 

Burgess-Norton Mfg. Co., 737 Peyton St., 
Geneva, Iil. 

Burkhardt Steel Co., 
Denver 9, Colo. 

Burroughs Corp., Plymouth Rd., Plymouth, 
Mich. 

Burwood Products Co., Airport Rd., Traverse 
City, Mich. 

Busada Mfg. Corp., 58-99 54th St., Maspeth 
78, N. Y. 

Busch, J. C. Co., 17 W 54th St., New York 
19, N. Y. 

Butler Engine & Foundry Co., Inc., 151 S 
Vionroe, Butler, Pa. 

Buttler Mfg. Co., 7309 E 13th St., Kansas 
City, Mo. 

Button Corp. of America, 49 Dickerson St., 
Newark 9, N. J. 

Byers, A. M., 1810 Clark Bidg., Pitts- 
burgh 22, Pa. (Ad p 316) 


C 


C & G Screw Products Co., P. 0. Box 308, 
Carmel, Ind. 

Cadillac Malleable Iron Co., Cadillac, Mich. 

Cadillac Plastic & Chemical Co., 15111 2nd 
Ave., Detroit, Mich. 

Calbar Paint & Varnish Co., 2612-26 N 
Martha St., Philadelphia 25, Pa. 

Caldwell, W. E. Co., Inc., 2020 Brook St., 
Louisville 8, Ky. 

Calfibe Co., Inc., P. 0. Box 832, Redlands, 
Calif. 

California Drop Forge Co., 1033 Alhambra 
Ave., Los Angeles 12, Calif. 

California Metal Enameling Co. 6904 E 
Slauson Ave., Los Angeles 22, Calif. 

California Perforating Screen Co., 345-347 
Folsom St., San Francisco 5, Calif. 

Callahan Zinc-Lead Co., Inc., Flexhaust Co. 
Div., 100 Park Ave., New York 17, N. Y. 

Caloric Appliance Corp., Topton, Pa. 

Calorizing Co., P. 0. Box 8742, Pittsburgh 
21, Pa. 

Calumet & Hecla, Inc., 1 Calumet Ave., Cal- 

umet, Mich. 
Wolverine Tube Div., 1439 Central Ave., 
Detroit 9, Mich. 

Calumet Steel Castings Corp., 1636 Summer 
St., Hammond, Ind. 

Cambridge Wire Cloth Co., Cambridge, Md. 

— Iron Works, Silber Rd., Houston, 
ex. 

Campbell, A. S. Co., Inc., 161 Prescott St., 
East Boston 28, Mass. 

Campro Co., 3131 Alliance Rd. NE, Canton 
1, Ohio 

Cannon-Muskegon Corp., 2875 Lincoln St., 


869 S_ Broadway, 


Muskegon, Mich. 

Capac Industries, Inc., S Main St., Capac, 
Mich. 

Capito! Chemical Co., 4501 W Haddon Ave., 
Chicago 51, Iil. 

Carbo Tool & Die Co., 219 Howland St., 
Fremont, Ohio 

Carboline Co., 331 Thornton Ave., St. Louis 
19, Mo. 
Carborundum Co., Perth Amboy, N. J. 
Refractories Div., Perth Amboy, N. J. 
Stupakoff Div., Latrobe, Pa. 
Carey, Philip Mfg. Co., Lockland, Cincinnati, 
Ohio 

Carleton Screw Products Co., 2424 Hiawatha 
Ave. S, Minneapolis 4, Minn. 

Carlon Products Corp., 10224 Meech Ave., 
Cleveland 5, Ohio 

Carlson, G. O. Inc., Thorndale, Pa. (Ad 
Pp 66) 

Carolina Asbestos Co., Davidson, N. C. 

Carondelet Foundry Co., 2101 S Kingshigh- 

way, St. Louis 10, Mo. 

Carpenter Steel Co., 135 W Barn St., Read- 

ing, Pa. 
Alloy Tube Div., 133 Springfield 
Rd., Union, N. J. (Ad p 343) 
Carroll, J. B. Co., Carroll & Albany Aves., 
Chicago 12, Iil. 
Carroll Pressed Metal Inc., 133 Dewey St., 
Worcester 10, Mass. 
Cartwright, R. Tube Products Co., 609 St. 
Jean Ave., Detroit 14, Mich. 
Cary Chemicals, Inc., 64 Hamilton St., Pater- 
son 1, N. J. 
Caspers Tin Plate Co,. 4100 W 42nd PI., 
Chicago 32, Iil. 
Cast Optics Corp., 123 Newman St., 
Hackensack, N. J. (Ad p 209) 
Casting Engineers, Inc., 2323 N Bosworth, 
Chicago 14, Ill. 
Casting Service Corp. of Michigan, Mathieu 
Ave., Bridgman, Mich. 
Catalin Corp. of America, 1 Park Ave., New 
York 16, N. Y. 
Cavalier Corp., Chattanooga 2, Tenn. 
Cayce Corp., 1444 Hamilton Ave., Cleveland 
14, Ohio 
Cedar Heights Clay Co., 50 Portsmouth Rd., 
Oak Hill, Ohio 
Ceilcote Co., 4832 Ridge Rd., Cleveland 9, 
Ohio 
Celanese Corp. of America, 290 Ferry 
St., Newark 5, N. J. (Ads pp 191, 
192, 193, 194) 
Celluplastic Corp., 50 Ave. L, Newark 5, 
N. J. 
Cellusuede Products, Inc., 500 N Madison 
St., Rockford, Ill. 
Central Fabricators Inc., 408-18 Poplar St., 
Cincinnati, Ohio 
Central Felt & Fabrics Corp., 24-26 W 25th 
St., New York 10, N. Y. 
Allied Felt Corp. Div., 46 Starlake Ave., 
Bloomingdale, N. J. 
Central Paint & Varnish Works, Inc., 59-69 
Prospect St., Brooklyn 1, N. Y. 
Central Screw Products Co., 284 Walker St., 
Detroit 7, Mich. 
Centrifugal Casting Co., 147 W 42nd St., 
New York 36, N. Y. 
Centrifugal Casting Machine Co., P. 0. Box 
947, Tulsa 1, Okla. 
Centr-0-Cast & Engineering Co., 45 St. Jean 
Ave., Detroit 14, Mich. 
Century Vitreous Enamel Co., 6641 S Nar- 
ragansett Ave., Chicago 38, Ill. 
Ceramic Color & Chemical Mfg. Co., 13th St. 
& Block House Run, New Brighton, Pa. 
Cero-Met, 417 W Chestnut, Monrovia, Calif. 
Cerro de Pasco Sales Corp., 300 Park Ave., 
New York 22, N. Y. 
Chace, W. M. Co., 1600 Beard Ave., Detroit 
9, Mich. 
Challenge Stamping & Porcelain Co., Grand 
Haven, Mich. 


Champion Rivet Co., Harvard Ave. & 
E 108th St., Cleveland 5, Ohio (Ad 
p 352) 

Chapman Machine Co., Inc., 41 Main St., 
Terryville, Conn. 

Chardon Metal Products Co., P. 0. Box 67, 
Washington St., Chardon, Ohio 

Chardon Rubber Co., 6th & Washington 
Aves., Chardon, Ohio 

Charlotte Leather Belting Co., 209 E 12th 
St., Charlotte 1, N. C. 

Chase Brass & Copper Co., Inc., 236 Grand 
St., Waterbury 91, Conn. 

Chattanooga Aluminum Foundry, 3126 Alton 
Park Bivd., Chattanooga, Tenn. 

Chemical Corp., 54 Waltham Ave., 
Springfield 9, Mass. (Ad p 266) 
Chemical Process Co., 901 Spring St., Red- 

wood City, Calif. 

Chemical Products Corp., King Phillip Rd., 
Providence 14, R. I. 

Chemiglass, Inc., 4670 DeSoto St., San Diego 
9, Calif. 

Chemung Foundry Corp., Elmira, N. Y. 

Chester Packaging Products Corp., 684 Nep- 
perhan Ave., Yonkers 2, N. Y. 

Chicago Aluminum Castings, 2647 Ogden 
Ave., Chicago, Il. 

Chicago Bridge & Iron Co., 322 S Michi- 
gan Ave., Chicago 4, Ili. 

Chicago Development Corp., 5810 47th Ave., 
Riverdale, Md. 

Chicago Extruded Metals Corp., 1642 S 54th 

Ave., Cicero 9, Ill. 
Harvey Metal Corp. Div., 1605-1725 W 
74th St., Chicago 36, Ill. 

Chicago Gasket Co., 1271 W North Ave., 
Chicago 22, Ill. 

Chicago Hardware Foundry Co., 2500 Com- 
monwealth Ave. N, Chicago, Ill. 

Chicago Malleable Castings Co., 1225 W 
120th St., Chicago 43, Ill. 

Chicago Molded Products Corp., Campco, 
Div., 2717 N Normandy, Chicago 35, Ill. 

Chicago Paint, Inc., 4500 W 14th St., Chi- 
cago 23, Ill. 

Chicago Powdered Metal Products Co., 9700 
Waveland Ave., Schiller Park, I!!. 

Chicago Rawhide Mfg. Co., 1301 ElI- 
ston Ave., Chicago 22, Ill. (Ad pp 
202, 203) 

Chicago Rivet Machine Co., 925 S 25th Ave., 
Bellwood, Iil. 

Chicago Rubber Co., Inc., 651 Market St., 
Waukegan, Ill. 

Chicago Screw Co., 2701 Washington Bivd., 
Bellwood, Iil. 

Chicago Smelting & Refining Corp., 3701 S 
Kedzie Ave., Chicago 32, Ill. 

Chicago Thrift-Etching Corp., 1555 N Shef- 
field Ave., Chicago 22, Ill. 

Chicago Vitreous Corp., 1425 S 55th Court, 
Cicero 50, Til. 

Chicago White Metal Casting Inc., 5239 W 
Grand Ave.; Chicago 39, Ill. 

Chicopee Mills, Inc., 49 Worth St., New 
York, N. Y. 

Chippewa Plastics, Inc., 210 W Columbia St., 
Chippewa Falls, Wis. 

Chromalloy Corp., 450 Tarrytown Rd., White 
Plains, N. Y. 

Chrysler Corp., P. 0. Box 1687, Detroit 31, 

Mich. 
Amplex Div., 6501 Harper Ave., Detroit 
31, Mich. 

Ciba Co., Inc., Plastics Div., 627 Greenwich 
st., New York 14, N. Y. 

Cincinnati Forging Co., 5604 Booster Pike, 
Cincinnati, Ohio 

Cincinnati Foundry Co., 238 W Mitchell Ave., 
Cincinnati 32, Ohio 

Cincinnati Pump & Mfg. Co., Inc., 3182 
Beekman St., Cincinnati 23, Ohio 

City Plating Works, Inc., 905 Honeyspot Rd., 
Stratford, Conn. 

Clad-Rex Corp., 40th & Ulster Sts., Denver 
7, Colo. 
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Addresses of Suppliers 


Clapp, E. D. Mfg. Co., 305 Genesee St., 
Auburn, N. Y. 

Claremont Pigment Dispersion Corp., 110 
Wallabout St., Brooklyn 11, N. Y. 

Clark Bros. Bolt Co., Milldale, Conn. 

Clark Gasket Co., 3027 S Wentwork Ave., 
Chicago 16, Ill. 

Clarksville Foundry & Machine Works, Com- 
merce & Spring Sts., Clarksville, Tenn. 
Clayton, Mark & Co., 1900 Dempster St., 

Evanston, II. 
Clendenin Bros. Inc., 4309 Erdman Ave., 
Baltimore 13, Md. 
Cleveland City Forge Co., 1621 Euclid Ave., 
Cleveland 15, Ohio 
Cleveland Electro Metals Co., 2391 W 38th 
St., Cleveland 13, Ohio 
Cleveland Foundry & Mfg. Co., Inc., 685 6th 
St. NE, Cleveland, Tenn. 
Cleveland Graphite Bronze Co., 17044 St. 
Clair Ave., Cleveland 10, Ohio 
Cleveland Hard Facing Co., Inc., 3047 
Stillson Ave., Cleveland 5, Ohio 
(Ad p 360) 
Cleveland Hardware & Forging Co., 3270 E 
79th St., Cleveland 4, Ohio 
Cleveland Metal Products Co., Washington & 
Center Sts., Cleveland 13, Ohio 
Cleveland Porcelain Enameling Co., 3190 E 
65th St., Cleveland 4, Ohio 
Cleveland Pressed Products Corp., 6712 
Union Ave., Cleveland, Ohio 
Cleveland Screw Products Co., 3062 E 93rd 
St., Cleveland 4, Ohio 
Cleveland Steel Specialty Co., 3765 E 91st 
St., Cleveland, Ohio 
Cleveland Tungsten, Inc., 10200 Meech Ave., 
Cleveland 5, Ohio 
Cleveland Wire Spring Co., 300 E Main St., 
DeSoto, Mo. 
Cliff Mfg. Co., 30240 Lakeland Bivd., Wick- 
liffe, Ohio 
Climax Molybdenum Co., 500 5th Ave., New 
York 36, N. Y. 
Clinton Metal Products Co., 1076 W Locust 
St., Wilmington, Ohio 
Clopay Corp., Clopay Sq., Cincinnati 14, Ohio 
Closures Inc., 46 State St., Waterbury, Conn. 
Cly-Del Mfg. Co., Inc., Box 1367, Waterbury, 
Conn. 
Coast Mfg. & Supply Co., P. 0. Box 71, 
Livermore, Calif. 
Coated Abrasive Products, Inc., 30208 Lake- 
land Bivd., Wickliffe, Ohio 
Coated Coil Corp., 513 W 30th St., New 
York 1, N. Y. 
Coating Products, 101 W Forest Ave., 
Englewood, N. J. (Ad p 267) 
Cochran Foil Co., 1430 S 13th St., Louis- 
ville, Ky. 
Cochrane Foundry Inc., Box 749, York, Pa. 
Cohan Epner Co., Inc., 142 W 14th St., New 
York 11, N. Y. 
Cold Metal Products Co., 2131 Wilson Ave., 
Youngstown, Ohio 
Collis Co., Clinton, Iowa 
Colonial Alloys Co., Ridge Ave. & Crawford 
St., Philadelphia 29, Pa. 
Colonial Art Co., Inc., Crane Ave., Westfield, 
Mass. 
Colonial Plastics Mfg. Co., 2685 E 79th St., 
Cleveland 4, Ohio 
Colorado Fuel & Iron Corp., Continental Oil 
Bidg., Denver 2, Colo. 
Wickwire Spencer Steel Div., 575 Madi- 
son Ave., New York 22, N. Y. 
Colt’s Plastics Co., Inc., P. 0. Box 119, 
Hartford, Conn. 
Columbia Metal Stamping Co., 11900 Har- 
vard Ave., Cleveland 5, Ohio 
Columbia-National Corp., 70 Memorial Drive, 
Cambridge, Mass. 
Columbia Tool Steel Co., Lincoln Hwy. & 
State St., Chicago Heights, Ill. 
Columbian Bronze Corp., 216 Main St., Free- 
port, N. Y. 





Columbiana Pump Co., Columbiana, Ohio 
Columbus Bolt & Forging Co., 291 Marconi 
Bivd., Columbus 15, Ohio 
Columbus Dental Mfg. Co., 634 Wager St., 
Columbus 6, Ohio 
Columbus Jack Corp., 2200 S 3rd St., 
Columbus 7, Ohio 
Columbus Production Mfg. Co., 935 W Good- 
ale Bivd., Columbus 8, Ohio 
Combined Industries Co., P. 0. Drawer 431, 
Catskill, N. Y. 
Combustion Engineering, Inc., Raymond Div., 
1318 N Branch St., Chicago 22, Il. 
Comerford Mfg. Co., Inc., 81 Farmington 
Ave., Bristol, Conn. 
Comet Metal Products Co. Inc., 9104 132nd 
St., Richmond Hill 18, N. Y. 
Commercial Chemical Co., 1022 Summer, 
Cincinnati, Ohio 
Commercial Plastics Co., Associated Plastic 
Div., 400 E Hines St., Midland, Mich. 
Commercial Plastics & Supply Corp., 
630 Broadway, New York 12, N. Y. 
(Ad p 182) 
Commercial Shearing & Stamping Co., 1775 
Logan Ave., Youngstown, Ohio 
Compacted Metals Corp., 99 Greenwood Ave., 
Waukegan, Il. 
Composite Forgings, Inc., 2300 W Jefferson 
Ave., Detroit 16, Mich. 
Compton Foundry, Compton, Calif. 
Condamatic Co., Inc., 2700 E 9 Mile Rd., 
Hazel Park, Mich. 
Conn Perry Mfg. Co., 4341 Horatio Ave., 
Detroit 10, Mich. 
Conneaut Die Casting Co., 618 Sandusky St., 
Conneaut, Ohio 
Conneaut Rubber & Plastics Co., Commerce 
St., Conneaut, Ohio 
Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. (Ad 
p 211) 
Connecticut Malleable Castings Co., New 
Haven 6, Conn. 
Connecticut Mfg. Co., 115 Benedict St., 
Waterbury 20, Conn. 
Connell Asbestos Mfg. Co., 117 Martense St., 
Brooklyn 26, N. Y. 
Conner Mfg. Co., 828 S 17th St., Louisville, 
Ky. 
Conner Steel Products, 24690 Telegraph Rd., 
Detroit 19, Mich. 
Consolidated Electrodynamics Corp., 1767 
Mt. Reod Bivd., Rochester, N. Y. 
Consolidated Foundries & Mfg. Corp., 135 
S LaSalle, Chicago, Iil. 
Crucible Steel Casting Co., 2850 S 20th 
St., Milwaukee, Wis. 
Michigan Steel Casting Co., 1999 Guoin 
St., Detroit 7, Mich. 
Consolidated Molded Products Corp., 1940 
Thomas St., Scranton, Pa. 
Consoweld Corp., 700 Hooker St., Wisconsin 
Rapids, Wis. 
Continental Boiler & Sheet Iron Works, 5603 
W Park Ave., St. Louis, Mo. 
Continental Can Co., Inc., 100 E 42nd St., 
New York 17, N. Y. 
Conolite Div, 205 W 14th St., Wil- 
mington, Del. 
Continental Copper & Steel Industries Inc., 
345 Madison Ave., New York 17, 
N. Y. 
Alloy Fabricators Div., 500 Market St., 
Perth Amboy, N. J. 
Niagara Falls Smelting & Refining Div., 
2200-2214 Elmwood Ave., Buffalo 
23, N. Y. 

Continental Feit Co., 22 W i1Sth St., 
New York 11, N. Y. (Ad p 242) 
Continental Foundry & Machine Co., 144th 

& Railroad Ave., East Chicago, Ind. 
Continental Gin Co., Birmingham, Ala. 
Continental Products Co., 1150 E 222nd St., 

Euclid 23, Ohio 
Continental Rubber Works, 1985 Liberty St., 

Erie 6, Pa. 
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Continental Screw Co., 459 Mt. Pleasant St. 
New Bedford, Mass. 

Continental Steel Works Corp., 1109 S Main 
St., Kokomo, Ind. 

Continental Wire & Iron Works, Continental 
Nu-Steel Metal Products Div., 1249 s 
Ashland Ave., Chicago 8, Ill. 

Contour Extrusion Co., 517 Fayette Ave., 
Mamaroneck, N. Y. 

Conversion Chemical Corp., 98 E Main St. 
Rockville, Conn. 

Cooley, W. J. & Co., P. 0. Box 1471, 107 
Hernando, Memphis, Tenn. 

Cooper Alloy Corp., Bloy St. & Ramsey Ave., 
Hillside 5, N. J. 

Cooper-Bessemer Corp., Mt. Vernon, Ohio 

Cooper, Peter Co., Palmer St., Gowanda, 
N. Y. 

Cooper’s Creek Chemical Corp., River Rad., 
West Conshohocken, Pa. 

Coors Porcelain Co., 600 9th St., Golden, 
Colo. 

Copolymer Rubber & Chemical Corp., P. 0. 
Box 2591, Baton Rouge 1, La. 

Copperweld Steel Co., Warren, Ohio 

Ohio Seamless Tube Div., Shelby, 
Ohio (Ad p 325) 
Stee! Div., Warren, Ohio 

Cordo Chemical Corp., 34 Smith St., Nor- 
walk, Conn. 

Cordo Molding Products, Inc., 230 Park 
Ave., New York 1, N. Y. 

Corite Products, Inc., 6553 W George St., 
Chicago 34, Ill. 

Cornell & Underhill, Inc., 1310 Jefferson 
St., Hoboken, N. J. 

Corning Glass Works, Corning, N. Y. 
(Ad p 241) 

Couch-Uthe Co., 140 S Olive St., P. 0. Box 
339, Elyria, Ohio 

Cox Plastics Corp., 162 Colgate Ave., Buf- 
falo 20, N. Y. 

Coyne & Paddock Inc., 40-09 21st St., Long 
Island City 1, N. Y. 

Craft Mfg. Co., 3949 W Schubert Ave., 
Chicago 47, Ill. 

Craftint Mfg. Co., 1615 Collamer Ave., 
Cleveland 10, Ohio 

Crane Co., 836 S Michigan Ave., Chicago 5, 
Ill. 

Crane Packing Co., 64 Oakton St., Morton 
Grove, Ill. 

Crawford & Dougherty Foundry Co., 4604 
SE 17th Ave., Portland, Ore. 

Crescent Co., Inc., Carol Cable Div., 90 
Middle St., Pawtucket, R. I. 

Crescent Plastics, Inc., 955 Diamond Ave., 
Evansville 7, Ind. 

Crest Chemical Industries Corp., 72 Delavan 
St., Brooklyn 31, N. Y. 

Crobalt, Inc., 2800 S$ State St., Ann Arbor, 
Mich. 

Cross Engineering Co., Carbondale, Pa. 

Crown Metal Co., 117-127 E Washington 
St., Milwaukee 4, Wis. 

Crown Non-Ferrous Foundry Inc., Concord 
Ave., Chester, Pa. 

Crucible Steel Casting Co., Union Ave. & 
Penn R.R., Landsdowne, Pa. 

Crucible Steel Co. of America, H. W. 
Oliver Bidg., Melion $Sq., Pitts- 
burgh, Pa. (Ad p 136) 

Vacuum Metals Corp. Div., Syracuse 1, 
N. Y. 

Crystal Plastics, Inc., 232 Taaffe Pl., Brook- 
lyn 5, N. Y. 

CrystalX Corp., W Lenni Rd., Lenni Mills, 
Pa. 

Cuno Engineering Corp., S Vine St., Meri- 
den, Conn. 

Curtis Co., Inc., American Plywood Div., 
New London, Wis. 

Curtis Screw Co., Inc., 19 Gull St., Buffalo 
is, &. ¥. 

Curtiss-Wright Corp., 760 Northland 
Ave., Buffalo 15, MN. Y. (Ad p 353) 


































Cuyahoga Stamping Co., 10201 Harvard 
Ave., Cleveland 5, Ohio 
Cyril Bath Co., 32342 Aurora Rd., Solon, 


Ohio 


d 


Dacar Chemical Products Co., 1007 McCart- 
ney St., Pittsburgh, Pa. 

Dalton Foundries, Inc., Park & Lincoln Sts., 
Warsaw, Ind. 

Damascus Tube Co., P. 0. Box 71, Green- 
ville, Pa. 

Dana Corp., Parish Pressed Steel Div., Rob- 
inson & Weiser Sts., Reading, Pa. 

Dapo! Plastics, Inc., 90 Grove St., Wor- 
cester 5, Mass. 

Darby Corp., lst & Walker Sts., Kansas City 
15, Kansas 

Dare Products, Inc., 860 Betterly Rd., Battle 
Creek, Mich. 

Darling, L. A. Co., Midwest Foundry Co. 
Div., Box 127, Coldwater, Mich. 

Darlington Veneer Co., Inc., 
S. C. 

Daubert Chemical Co., 333 N Michigan Ave., 
Chicago, Ill. 

Davidson Rubber Co., 
Charlestown 29, Mass. 

Davies, Harry Molding Co., 1428 N Wells 
St., Chicago 10, Ill. 

Davis & Hemphill, Elkridge 27, Md. 

Davis Products Corp., 603 39th St., Brook- 
lyn, N. Y¥. 

Dawlen Corp., 1911 Fargo Rd., Jackson, 
Mich. 

Day Co., 810 3rd Ave. NE, Minneapolis 13, 
Minn. 

Day, James B. & Co., 1872 Clybourn Ave., 
Chicago 14, Ill. 

Dayton Bronze Bearing Co., 111 Front St., 
Dayton 2, Ohio 


Darlington, 


50 Brighton St., 


Dayton Foundry, 11803 Industrial Ave., 
Hollydale, Calif. 
Dayton Malleable Iron Co., 1401 W 2nd St., 
Dayton, Ohio 


Meta-Mold Aluminum Co. Div., 525 E 
Hamilton, Cedarburg, Wis. 

Ohio Malleable Div., Box 88, Station 
A, Columbus, Ohio 

Pratt & Letchworth Div., 189 Tona- 
wanda St., Buffalo 7, N. Y. 

Dayton Steel Foundry Co., 1366 Miami 
Chapel Rd., Dayton 1, Ohio 

Dearborn Stamping Co., 10501 Haggerty 
Ave., Dearborn, Mich. 

Debevoise Co., 74-84 20th St., Brooklyn 32, 
N. Y. 

Decatur Automatic Screw Machine Products 
Co., P. 0. Box 26, Warrensburg, III. 

Decatur Casting Co., 824 Dayton Ave., De- 
catur, Ind. 

Decrow Engineering Corp., 62 Main St., Mid- 
dieport, N. Y. 

Deerfield Mfg. Co., 4th Ave., Mason, Ohio 

Defiance Metal Products Co., 21 Seneca 
St., Defiance, Ohio 

Defiance Stamping Co., Perry & Gorman 
Sts., Defiance, Ohio 

Delaware Tool Steel Corp., 34th & Market 
Sts., Wilmington, Del. 

Delo Screw Products Co., 38 S Franklin St., 
Delaware, Ohio 

Delta Plywood Corp., Cotton Plant, Ark. 

Dennis Chemical Co., 2701 Papin St., St. 
Louis 3, Mo. 

Dependable Automatic Screw Co., 281 S 
Leonard St., P. 0. Box 2179, Waterbury 
8, Conn. 

Derby Castings Co., 593 N Main St., Sey- 
mour, Conn. 

DeSanno Foundry & Machine Co., 1919 Per- 

alta St., Oakland 7, Calif. 


Designers Metal Corp., 469 E 159th St., 
Harvey, Iil. 
DeSoto Paint & Varnish Co., P. 0. Box 186, 
Garland, Tex. 
Detrex Chemical Industries, Inc., Box 501, 
RPK Annex 32, Detroit, Mich. 
Detroit Chemical Works, 125 S Junction 
Ave., Detroit, Mich. 
Detroit Float & Stamping Co., 625 Monroe 
St., Detroit, Mich. 
Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. 
Detroit Magnesium Castings Co., 6304 Ep- 
worth Blvd., Detroit 10, Mich. 
Detroit Stamping Co., 350 Midland St., De- 
troit 3, Mich. 
Detroit Steel Corp., Portsmouth Div., Detroit 
9, Mich. 
Dexter, C. H. & Sons Inc., Windsor Locks, 
Conn. 
Diecast Corp., 522-524 Hupp Ave., Jackson, 
Mich. 
Diemolding Corp., 125 Rasbach St., Cana- 
stota, N. Y. 
Dietze! Lead Burning Co., Narrows Run Rd., 
Coraopolis, Pa. 
——— Co., 207 E 6th St., Dayton 2, 
io 
Dip-Seal Plastics, Inc., 2311 23rd Ave., 
Rockford, Ill. 
Dirilyte Co. of America, Inc., 1142 § Main 
St., Kokomo, Ind. 
Disogrin Industries, Inc., New York Inter- 
national Airport, Jamaica 30, N. Y. 
“—_ Corp., 1820 Roscoe St., Chicago 13, 
— Lead Co., 7742 W 6lst Pl., Summit, 
Dixie Aluminum Corp., 304 E 2nd Ave., 
Rome, Ga. 
Dixie Bronze Co., 2229 27th Ave., N. Bir- 
mingham 1, Ala. 
Dixie Lead Co., Sargent Rd., Dallas 16, Tex. 
Dixie Plastics Mfg. Co., 3017 N Galves St., 
New Orleans, La. 
Dixon Corp., Bristol, R. 1. 
Dixon, Joseph Crucible Co., Wayne & Mon- 
mouth Sts., Jersey City 3, N. J. 
Dixon Sintaloy, Inc., 535 Hope St., Stamford, 
Conn. 
a «ne Corp., John St., Hoosick Falls, 
Dodge Mfg. Corp., 500 S Union St., Misha- 
waka, Ind. 
Dolin Metal Products, Inc., 315 Lexington 
Ave., Brooklyn 16, N. Y. 
Dollin Corp., 650 S 2ist St., Irving- 
ton 11, N. J. (Ad p 356) 
Donegal Steel Foundry Co., 601 E Market 
St., Marietta, Pa. 
Donovan, F. C. Inc., 192 South St., Boston, 
Mass. 
Dormont Mfg. Co., 5607 Butler St., Pitts- 
burgh 1, Pa. 
Dostal Foundry & Machine Co., Pontiac, 
Mich. 
Douglas & Sturgess, 475 Bryant St., San 
Francisco 7, Calif. 
Dow Chemical Co., Townsend St., Midland, 
Mich. 
Dow Corning Corp., P. 0. Box 592, Midland, 
Mich. 
Downington Iron Works, Inc., 161 Wallace 
St., Downington, . Pa. 
Dravo Corp., 102 5th Ave., Pittsburgh 22, 
Pa. 
Drawn Metal Tube Co., 
Thomaston, Conn. 
Dresser Industries, Inc., Republic National 
Bank Bidg., Dallas, Tex. 
Dresser Mfg. Div., 313 Fisher Ave., 
Bradford, Pa. 
Drexel Screw Products Co., 6200 S Oakley 
Ave., Chicago 36, Ill. 
Driver, Wilbur B. Co., 18735 McCarter 
Hwy., Newark, N. J. (Ad p 113) 


101 Elm St., 
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Driver-Harris Co., 201 Middlesex St., Harri- 
son, N. J. 

du Pont de Nemours, £. I. & Co., Inc., 
Wilmington 3, Del. (Ad pp i186, 
187) 

Duane Specialties, Ltd., 210 Parkhurst St., 
Newark 5, N. J. 

Du-Co Ceramics Co., Box 278, Saxonburgh, 
Pa. 
Du-Lite Chemical Corp., Middletown, Conn. 
Duluth Brass Works Co., 5002 Ramsey St., 
Duluth 7, Minn. 
Dunnican Associates, 
Union, N. J. 

Duplex Mfg. Corp., 104 Depot St., Sherman, 
N. Y. 

Duplican Co., Inc., 1220 Turnpike Rd., West- 
boro, Mass. 

Dura Flex Co., 2043 Colorado Ave., Santa 
Monica, Calif. 

Dura Plastics of New York, Inc., 303 5th 
Ave., New York 16, N. Y. 

Duralac Chemical Corp., 84 Lister Ave., 
Newark 5, N. J. 

Dura-Lee Corp., 908 Broadway, Kansas City 
5, Mo. 

Duraloy Co., Scottdale, Pa. 

Durethene Corp., 1859 S 55th Ave., Chicago 
50, Ill. 

Duriron Co., Inc., 450 N Findlay St., Dayton, 
Ohio 

Duro Screw & Mfg. Co., 1064 Springfield 
Rd., P. 0. Box 544, Union, N. J. 

Du-Wel Metul Products, Inc., P. 0. Box 307, 
Bangor, Mich. 


Eagle Convex Glass Specialty Co., 405-429 
Tuna St., Clarksburg, W. Va. 

Eagle-Picher Co., American Bldg., Cincin- 

nati 1, Ohio 

Fabricon Products Div., 1721 
Pleasant Ave., River Rouge 18, 
Mich. (Ad p 210) 

Earl Paint Corp., 240 Genesee St., Utica 2, 
N. Y. 

East Birmingham Bronze Co., 831 N 36th 
Way, Birmingham, Ala. 

Eastern Brass & Copper Corp., 1122 E 
180th St., New York 60, N. Y. 

Eastern Machine Screw Corp., Truman & 
Barclay Sts., P. 0. Box 1589, New Haven 
6, Conn. 

Eastern Malleable Iron Co., P. 0. Box 349, 
Wilmington 99, Del. 

Eastern Smelting & Refining Corp., 107 W 
Brookline St., Boston 18, Mass. 

Eastern Stainless Steel Corp., Rolling Mill 
Rd., Baltimore, Md. 

Eastern States Paint & Varnish Co., Water 
& Mifflin Sts., Philadelphia 48, Pa. 

Eastern Toot & Mfg. Co., 1 Montgom- 
ery St., Belleville 9, N. J. (Ad 
p 342) 

Eastman Chemical Products, Inc., Kingsport, 
Tenn. 

Eastman Kodak Co., 343 State St., Roches- 
ter, N. Y. 

Easton Metal Powder Co., Inc., 233 Broad- 
way, New York 7, N. Y. 

Easton Plastic Products Co., Inc., 900 Line 
St., Easton, Pa. 

Eaton Mfg. Co., 9711 French Rd., Detroit, 
Mich. 

Eberhard Faber Pencil Co., 37 Greenpoint 
Ave., Brooklyn, N. Y. 

Eberhart Steel Products, Powdered Metals 
Div., 317 E Jefferson Bivd., Mishawaka, 
Ind. 

Eby, Hugh H. Co., 4701 Germantown Ave., 
Philadelphia 20, Pa. 

Eclipse Plastic Industries, Inc., Box 430, 
Sarasota, Fla. 

Economy Machine Products Co, 5214 W 


352 Plymouth Rd., 
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Addresses of Suppliers 


Lawrence Ave., Chicago 30, Il. 

Edgar Plastic Kaolin Co., Edgar, Fla. 

Edna Lite Optical Co., Inc., 200 N Water 
St., Peekskill, N. Y. 

Egan & Housman Co., Inc., 43rd Rd. & 
9th St., Long Island City 1, N. Y. 

Egyptian Lacquer Mfg. Co., P. 0. Box 444, 
Newark 1, N. J. 

Ekstrand & Tholand, 420 Lexington Ave., 
New York 17, N. Y. 

Elastomer Chemical Corp., 212 Wright St., 
Newark 7, N. J. 

Elchingler, Charles F., 916 Magazine St., 
New Orleans 12, La. 

Elco Tool & Screw Corp., 1800 Broadway, 
Rockford, Il. 

Electric Materials Co., Clay & Washington 
Sts., North East, Pa. 

Electric Steel Castings Co., 1045 Main St. 
Speedway, Indianapolis 24, Ind. 

Electric Steel Foundry Co., 2141 NW 25th 
Ave., Portland 10, Ore. 

Electric Storage Battery Co., Stokes Molded 
Products Div., Taylor St. & Webster, 
Trenton 4, N. J. 

Electrical Refractories Co., 
East Palestine, Ohio 

Electron Corp., Box 208, Littleton, Colo. 

Electronic Parts Mfg. Co., Inc., 508 25th 
St., Union City, N. J. 

Elgin National Watch Co., 107 National St., 
Elgin, Ill. 

Eljay Corp., 2900 Herbert St., Baltimore 16, 
Md. 

Elkhart Iron Works, 1221 Broad St., St. 
Joseph, Mich. 

Elsby, “J. S. Inc., 3223 W Burnham St., 
Milwaukee 15, Wis. 

Emco Porcelain Enamel Co., Inc., Aben- 
droth Ave. & Highland St., Port Chester, 
N. Y. 

Emerson-Sack-Warner Corp., 85 Washington 
St., Somerville, Mass. 

Emjay Maintenance Engineers, 327 Union 
Ave., Rutherford, N. J. 

Empire Aluminum Co., 4021 Mahoning Ave., 
Youngstown, Ohio 

Empire Metal Co., 820 E Water St., Syra- 
cuse 3, N.Y. 

Empire Pattern & Foundry Co., P. 0. Box 
1647, Tulsa 1, Okla. 

— Spring Co., 210 S Abbe St., Elyria, 

io 

Empire Steel Castings, Inc., Brush Valley Rd., 
Temple, Pa. 

Enamel Products Co., 341 Eddy Rd., Cleve- 
land 8, Ohio 

Endicott Forging & Mfg. Co., Inc., 1901 
North St., Endicott, N. Y. 

Engineered Nylon Products, Inc., 1318 S 
Olive St., South Bend, Ind. 

Engineered Plastics & American Sinterings 
Inc., Silk St., Watertown, Conn. 
Engineered Precision, Castings Co., 
79, P. 0. Box 68, Matawan, N. J. 
Engineering Products & Specialties Inc., 

Dunnel Lane, Pawtucket, R. I. 

Englander Co., Inc., Plastics Div., 227 N 
Warwick Ave., Baltimore 23, Md. 

Enjay Co., Inc., 15 W 51st St., New York 
18, N. Y. 

Enterprise Galvanizing Co., 2507 E Comber- 
land St., Philadelphia 25, Pa. 

Enterprise Wheel & Car Corp., P. 0. Box 
151, Bristol, Va. 

Enthone, Inc., 442 Elm St., New Haven, 
Conn. 

Erie Bronze Co., 19th & Chestnut Sts., Erie, 
Pa. 

Erie Ceramic Arts Co., 3120 W 22nd St., 
Erie, Pa. 

Erle Enameling Co., 1400 W 20th St., Erie, 
Pa. 


E Clark St., 


Hwy. 


Erie Scientific Corp., Industrial Center, Buf- 
falo 10, N. Y. 

Erskine Precision Wire Corp., 210 S Broad 
St., Emporium, Pa. 

Ervite Corp., P. 0. Box 1927, Erie, Pa. 

Essential Bar Products Co., 2526 Brooklyn 
Rd., Jackson, Mich. 

Essex Wire Corp., 1601 Wall St., Ft. Wayne, 
Ind. 

Est Co., Inc., Grafton, Wis. 

Etched Products Corp., 39-01 Queens Bivd., 
Long Island City 4, N. Y. 

Eureka Electrical Products Co., 
North East, Pa, 

Evans, George Corp., 121 37th St., Moline, 
Ill. 

Evans Metal Co., 740 Lambert Dr. NE, 
Atlanta, Ga. 

Evans Products Co., P. 0. Box 651, Cor- 
vallis, Ore. 

Evans-Winter-Hebb Inc., 
Ave., Detroit, Mich. 

Everhead Tap & Die Corp., 215 E 144th 
St., New York 51, N. Y. 

Everlite Corp., 2040 15th Ave. W, Seattle 
99, Wash. 

Exalco Mfg. Co., 46 Sheldon Rd., 
Berea, Ohio (Ad p 332) 

Exeter Mfg. Co., Exeter, N. H. 

Extruders, Inc., 3232 W El Segundo Bivd., 
Hawthorne, Calif. 

Eyelet Specialty Co., 46 State St., Water- 
bury, Conn. 


Fahralloy Co., 149th & Loomis 
Harvey, lll. (Ad p 315) 

Fairchild Screw Products, Inc., White St., 
P. 0. Box 497, Winsted, Conn. 

Fairfield Aluminum Castings Co., 603 N 
8th St., Fairfield, Iowa 

Fairmont Aluminum Co., Fairmont, W. Va. 

Falge Engineering Corp., 4733 Elm St., 
Bethesda 14, Md. 

Falls Machine Co., 
Akron 12, Ohio 

Fallstrom Co., Fallstrom Court, Passaic, 
N. J. 

Fanner Mfg. Co., Murray Products, Inc., 
12388 Crossham Ave., Cleveland, Ohio 
Fansteel Metallurgical Corp., 2200 
Sheridan Rd., N. Chicago, lll. (Ad 

Ppp 134, 135) 

Farley & Loetscher Mfg. Co., Plastics Div., 
7th & White, Dubuque, Iowa 

Farnam Mfg. Co., 2000 Sweeten Creek Rd., 
Asheville, N. C. 

Farrel-Birmingham Co., Inc., 25 Main St., 
Ansonia, Conn. 

Farrelloy Co., 1234-45 N 26th St., Phila- 
delphia 21, Pa. 

Farwell Metal Fabricating, 77 W Fairfield 
Ave., St. Paul 7, Minn. 

Federal Adhesives Corp., 210 Wythe Ave., 
Brooklyn 11, N. Y. 

Federal Die Casting Co., 2226 N_ Elston, 
Chicago, Ill. 

Federal Screw Works, Congdon St., Chelsea, 
Mich. 

Federal Steel Products Corp, 415 N St. 
Charles St., Houston 3, Tex. 

Federal Tool Corp., 3600 W Pratt Blvd., 
Chicago 45, Ill. 

Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 

Felters Co., 210 South St., Boston 11, 
Mass. (Ad pp 238, 239) 

Felton, Sibley & Co., Inc., 136 N 4th St., 
Philadelphia 6, Pa. 

Femco Mfg. Co., Inc., 22845 Hoover Rd., 
Detroit 5, Mich. 


Clay St., 


818 W_ Hancock 


Sts., 


1625 Massillon Rd., 


Bold face indicates supplier advertises in this issue 
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Ferro Corp., 4150 E 56th St., Cleveland 5, 
Ohio 

Ferro Enameling Co., 1100 57th Ave., Oak- 
land 21, Calif. 

Ferro Powdered Metals, Box 312, Salem. 
Ind. 

Ferro-co Corp., Schori Process Div., 8-1] 
43rd Rd., Long Island City 1, N. Y. 

Fetcher, M. B. Co., 3558 Garfield St 
Detroit 7, Mich. 

Fiber Glass-Industries, Inc., Homestead Pj. 
Amsterdam, N. Y. 

Fibercast Corp., 100 S Lincoln, Sand Springs, 
Okla. 

Fiberfil, Inc., Fox Farm Rd., Warsaw, Ind. 

Fiberite Corp., 510-524 W 4th St., Winona, 
Minn. 

Fibron Products, Inc., 45 Mechanic St., Buf- 
falo 2, N. Y. 

Fidelity Chemical Products Corp., 470-474 
Frelinghuysen Ave., Newark 12, N. J. 
Fidelity Felt & Mfg. Co., 22 W 15th St., 

New York 11, N. Y. 
Figley Die & Stamping Co., 401 Agnes St., 
Defiance, Ohio 
Filpaco Industries, Inc., 2426 S Michigan 
Ave., Chicago 16, Ill. 
Fine Organics, Inc., 209-211 E 19th St., 
New York, N. Y. 
Firestone Plastics Co., Firestone Blvd., Potts- 
town, Pa. 
Firestone Tire & Rubber Co., 1200 Firestone 
Pkwy., Akron 17, Ohio 
Firth Sterling, Inc., 3113 Forbes St., Pitts- 
burgh, Pa. 
Fischer Casting Co., Inc., 
Dunellen, N. J. 
Fischer & Porter Co., 105 Warminster Rd., 
Hatboro, Pa. 
Fischer Special Mfg. Co., 450 Morgan St., 
Cincinnati 20, Ohio 
Fish-Schurman Corp., 70 Portman Rd., New 
Rochelle, N. Y. 
Fitzgibbons Boiler Co., Inc., 101 Park Ave., 
New York, N. Y. 
FitzSimons Mfg. Co., 3775 E Outer Dr., 
Detroit 34, Mich. 
Fletcher Enamel Co., Dunbar, W. Va. 
Flexfirm Products, 2300 N Chico Ave., El 
Monte, Calif. 
Flexonics Corp., 1315 S 3rd Ave., Maywood, 
lil. 
Flightex Fabrics, Inc., 93 Worth St., New 
York 13, N. Y. 
Ostby & Barton Co., 148 W River St., 
Providence 4, R. L 
Flood City Brass & Electric Co., Messenger 
& Elder Sts., Johnstown, Pa. 
Flood Co., Barlow Rd., Hudson, Ohio 
Florence Pipe Foundry & Machine Co., Front 
St., Florence, N. J. 
Florin Foundry & Mfg. Co., Florin, Pa. 
Flynn & Emrich Co., 301 Holliday St., Balti- 
more 2, Md. 
Flynn, Michael Mfg. Co., 700 E Godfrey 
Ave., Philadelphia 24, Pa. 
Foamade Industries, 14851 W 11 Mile Rd., 
Oak Park 37, Mich. 
Follansbee Steel Corp., Sheet Metal Specialty 
Div., P. 0. Box 567, Follansbee, W. Va. 
Food Machinery & Chemical Corp., Ohio- 
Apex Div., Nitro, W. Va. 
Foote Mineral Co., 18 W Chelten Ave., 
Philadelphia 44, Pa. 
Fordsell Machine Products Co., 4433 E 8th 
Mile Rd., Van Dyke, Mich. 
Forest Fiber Products Corp., P.0. Box 68, 
Forest Grove, Ore. 
Forg, Peter Mfg. Co., 50 Park St., Somer- 
ville 43, Mass. 
Forman, Ford & Co., S 2nd St., Minneapo- 
lis 1, Minn. 
Formed Tubes, Inc., Prairie & Albert Sts., 
Sturgis, Mich. 


P. 0. Box M, 








Formica Corp., 4614 Spring Grove Ave., Cin- 
cinnati 32, Ohio 

Formold Plastics, Inc., Box 103, Blue Isiand, 
Ill. 

Foss Mfg. Co., 225 2nd Ave., Twin Falls, Id. 

Foster Aluminum Alloy Products Corp., Pearl 
St., Forestville, N. Y. 

Foster Grant Co., Inc., 289 N Main St., 
Leominster, Mass. 

Foster Wheeler Corp., 165 Broadway, New 
York, N. Y. 

Foundry Rubber, Inc., 5200 River Rd., Wash- 
ington 16, D. C. 

Fox Co., 3400 Beekman St., Cincinnati 23, 
Ohio 

Fox Edge Co., Inc., 1995 Middlesex St., 
Lowell, Mass. 

Fox Products Co., 4720 N 18th St., Phila- 
delphia 41, Pa. 

Franklin Glue Co., 119 Chestnut St., Colum- 
bus 15, Ohio 

Franklin Mineral Co., Box 28, Franklin, N. C. 

Franklin Plastics, Inc., 315 Grant St., 
Franklin, Pa. 

Frasse, Peter A. & Co., Inc., 17 Grand St., 
New York 13, N. Y. 

Frederick Iron & Steel, Inc., 7th & East 
Sts., Frederick, Md. 

Frenchtown Porcelain Co., 84 Muirhead Ave., 
Trenton, N. J. 

Friedrich & Dimmock, Inc., Main Rd. & Lin- 
coin Ave., Millville, N. J. 

Frisby, J. R. Mfg. Co., 246 N Western Ave., 
Chicago 12, Ill. 

Fromson Orban Co., Inc., 261 Madison 
Ave., New York 16, N. Y. (Ad p 
127) 

Frontier Bronze Corp., 4870 Packard Rd., 
Niagara Falls, N. Y. 

Frost Paint & Oil Co., 1203 NE Tyler, Min- 
neapolis, Minn. 

Frost Rubber Co., 1407 N Dayton St., Chi- 
cago 22, Iil. 

Fry Plastics Co., 7826 S Vermont Ave., Los 
Angeles 44, Calif. 

Fryling Mfg. Co., 531 W 11th St., Erie, Pa. 

Fuller, W. P. & Co., 301 Mission St., San 
Francisco, Calif. 

Fullerton Mfg. Co., 343 E Santa Fe Ave., 
Fullerton, Calif. 

Fulton Foundry & Machines Co., Inc., Cleve- 
land, Ohio 

Fulton Gold Refiners Corp., 71 Fulton St., 
New York 38, N. Y. 

Funkhouser Co., 138 W Washington St., 
Hagerstown, Md. 

Furane Plastics, Inc., 4516 Brazil St., Los 

Angeles 39, Calif. 


» 


G & G Mfg. Co., 3223 W Fillmore St., Chi- 
cago 24, Ill. 

G & Z Automatic Products Co., 2434 Brook- 
lyn Rd., P. 0. Box 347, Jackson, Mich. 

Gale Mfg. Co., 115 N Albion St., Albion, 
Mich. 

Gamble Bros., Inc., 4601 Louisville Ave., 
Louisville, Ky. 

Gantner Screw Products Co., Inc., 20 S Wal- 
nut St., Springfield, Ohio 

Garco Mfg. Co., Inc., 744 N Ada St., Chi- 
cago 22, Ill. 

— Mfg. Co., 10 Midland Ave., Garfield, 
+ 

—9 Packing Co., Main St., Palmyra, 

U.S. Gasket Div., Camden 1, N. J. 

Gartland-Haswell Foundry Co., 430 W Park 
St., Sidney, Ohio 

Gary Steel Products Corp., P. 0. Box 449, 
Lynchburg, Va. 

Gates Engineering Co., 100 S West St., 

Wilmington 99, Del. 








Gates Rubber Co., 999 S Broadway, Denver, 
Colo. 

Gatke Corp., 228 N LaSalle St., Chicago 1, 
Ill. 

Geauga Industries Co., Middlefield, Ohio 

General Alloys Co., 367-405 W ist 
St., South Boston 27, Mass. (Ad 
Pp 334) 

General Aluminum Mfg. Co., 3027 E 55th 
St., Cleveland 27, Ohio 

General American Transportation Corp. 135 

S LaSalle St., Chicago 90, Ill. 

Kanigen Div., 135 S LaSalle St., Chi- 
cago 90, Iil. 

Plastics Div., 135 S LaSalle St., Chi- 
cago 90, Ill. 

Plate & Welding Div., 135 S LaSalie 
St., Chicago 90, Ill. 

General Aniline & Film Corp., Antara Chem- 
icals Div., 435 Hudson St., New York 14, 
N. Y. 

General Cable Corp., 420 Lexington Ave., 
New York 17, N. Y. 

General Ceramics Corp., Crows Mill Rd., 
Keasbey, N. J. 

General Electric Co., 1 River Rd., S Sche- 

nectady 5, N. Y. 
Apparatus Sales Div., ] River Rd., 
Schenectady 5, N. Y. 


Chemical Materials Dept., Pittsfield, 
Mass. 

Foundry Dept., 1 River Rd., Schenec- 
tady 5, N. Y. 


Insulating Materials Dept., 69 River Rd., 
Schenectady 5, N. Y. 

Laminated & Insulating Products Dept., 
Coshocton, Ohio 

Lamp Wire & Phosphors Dept., 1331 
Chardon Rd., Cleveland 17, Ohio 

Silicone Products Dept., Water- 
ford, N. Y. (Ad p 197) 

General Engineering Works, 4701 W Division 
St., Chicago 51, Ill. 

General Extrusions, Inc., 4040 Lake Park 
Rd., Youngstown, Ohio 

General Findings & Supply Co., Industrial 
Div., Leach & Garner Bldg., Attleboro, 
Mass. 

General Foundry & Mfg. Co., Flint, Mich. 

General Industries Co., Plastics Div., Clive & 
Taylor Sts., Elyria, Ohio 

General Iron Works Co., P. 0. Box 2490, 
Denver 1, Colo. 

General Malleable Corp., 706 E Main St., 
Waukesha, Wis. 

General Metals Powder Co., 130 Elinor Ave., 
Akron 5, Ohio 

General Mills, Inc., Chemical Div., S Ken- 
sington Rd., Kankakee, Ill. 

General Motors Corp., General Motors Bidg., 

Detroit, Mich. 

Central Foundry Div., 37 Florence St., 
Saginaw, Mich. 

Moraine Products Div., 1420 Wisconsin 
Bivd., Dayton 1, Ohio 

General Paint Corp., P.O. Box 3474, Rincon 
Annex, San Francisco, Calif. 

General Plastics Corp., 1400 N Washington 
St., Marion, Ind. 

General Plastics Corp., 165 3rd Ave., 
Paterson 4, N. J. (Ad p 270) 

General Plastics Mfg. Co., 3481 S 35th St., 
Tacoma 9, Wash. 

General Powdered Metal Products, Inc., 
Holly Corp., 523 West Ave., Norwalk, 
Conn. 

General Screw Products Corp., 1190 Brooks 
Ave., Rochester 19, N. Y. 

General Sintering Corp., 1830 N 32nd Ave., 
Melrose Park, Ill. 

General Smelting Co., 2901 E Westmore- 
land St., Philadelphia 34, Pa. 

General Tire & Rubber Co., Factory Ave., 

Marion, Ind. , 

Genesee Laboratory, Inc., 16 Garden St., 

Auburn, N. Y. 


Geometric Stamping Co., 1111 E 200th St., 
Cleveland 17, Ohio 

George, P. D. Co., 5100 N 2nd, St. Louis, 
Mo. 

Georgia Iron Works, Augusta, Ga. 

Georgia Kaolin Co., 433 N Broad St., Eliz- 
abeth, N. J. 

Georgia-Pacific Corp., 600 N Capitol Way, 
Olympia, Wash. 

Gering Products, Inc., N 7th St. & Monroe, 
Ave., Kenilworth, N. J. 

Gertenslager Co., E Bowman St., Wooster, 
Ohio 

Geuder Paeschke & Frey Co., 1538 W St. 
Paul Ave., Milwaukee 1, Wis. 

Giant Grip Mfg. Co., 29 Osceola St., Osh- 
kosh, Wis. 

Gibb, Walton Leather Co., 54th & Grays 
Ferry Ave., Philadelphia 43, Pa. 

Gibson Electric Co., 8356 Frankstown Ave., 
Pittsburgh 21, Pa. 

Gibson & Kirk Co., Warner & Bayard St., 
Baltimore 30, Md. 

Gilbert Brass Foundry Co., 5036 Farlin Ave., 
St. Louis 15, Mo. 

Gillespie Varnish Co., 131 Dey St., Jersey 
City 6, N. J. 

Gillet & Eaton, Inc., 8th & Doughty, Lake 
City, Minn. 

Glamorgan Pipe & Foundry Co., P. 0. Box 
740, Lynchburg, Va. 

Glasby, J. P. Mfg. Co., Inc., 1 Montgomery 
St., Bellevue 9, N. J. 

Glaskyd, Inc., 125 W 3rd St., Perrysburg, 
Ohio 

Glass Laboratories, Inc., 865 6Sth St., 
Brooklyn 20, N. Y. (Ad p 359) 

Giastic Corp., 4321 Glenridge Rd., Cleve- 
land 21, Ohio 

Glenn, Joseph & Sons, Inc., Clifton Heights, 
Pa. 

Glidden Co., Chemicals-Pigments- 
Metals Div., 1717 Summer St., 
Hammond, Ind. (Ad p 321) 

Globe Imperial Corp., Plastic-Seal Div., 2038 
Kishwaukee, Rockford, III. 

Globe Industries, Inc., Supermet Div., 
1470 Cincinnati St., Dayton 8, Ohio 
(Ad p 334) 

Globe Paint Works, Inc., Box 36, Williams- 
port, Pa. 

Globe Union, Inc., Centralab Div., 900 E 
Keefe Ave., Milwaukee 1, Wis. 

Glo-Brite Products, Inc., 6415 N California 
Ave., Chicago 45, Il. 

Glover Machine Works, Butler St., Marietta, 
Ga. 

Gluntz Brass & Aluminum Foundry Co., 
10815 Harvard Ave., Cleveland 5, Ohio 
Gockel Leather Shop, 31875 Aurora Rd., 

Solon, Ohic 

Gold Leaf & Metallic Powders, Inc., 145 
Nassau St., New York 38, N. Y. 

Goldsmith Bros., S. & R. Co., 111 N Wabash 
Ave., Chicago 2, Ill. 

Gomar Mfg. Co., Inc., 1501 W Blancke St., 
Linden, N. J. 

Goodrich, B. F. Chemical Co., 3135 Euclid 

Ave., Cleveland 15, Ohio 

Hood Rubber Co., 99 Nichols Ave., 
Watertown, Mass. 

Industrial Products and Plastic Prod- 
ucts Divs., Marietta, Ohio 

Goodrich-Gulf Chemicals, Inc., 3121 Euclid 
Ave., Cleveland 15, Ohio 

Goodyear Tire & Rubber Co., 1144 East 
Market St., Akron 16, Ohio 

Gordon Chemicals, Inc., 500 “A” St., Wil- 
mington 99, Del. 

Goshen Rubber Co., Inc., 1525 S 19th 
St., Goshen, Ind. (Ad p 211) 

Gotham Plastics Corp., 220 E 134th St., 
New York 51, N. Y. 

Gowanda Furnaces, Inc., 7 Palmer St., Go- 
wanda, N. Y. 
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Grace, W. R. & Co., 7 Hanover Square, New 
York, N. Y. 
Dewey & Almy Chemical Div., 62 Wit- 
temore Ave., Cambridge 40, Mass. 
Polymer Chemicals Div., 223 Ali- 


wood Rd., Clifton, N. J. (Ad 
p 217) 
Grafton Foundry Co., 1003 Bridge St., Graf- 
ton, Wis. 


Graham, James Co., 293 Wooster St., New 
Haven, Conn. 

Grammes, L. F. & Sons, Inc., 380 Union St., 
Allentown, Pa. 

Grand Haven Stamped Products, Griffen & 
Madison Sts., Grand Haven, Mich. 

Grand Rapids Brass Co., 420 50th St. SW, 
Grand Rapids 8, Mich. 

Grand Rapids Varnish Corp., 1350 Stelle St. 
SW, Grand Rapids 2, Mich. 

Grand Sheet Metal Products Co., Consumer 
Products Div., 2055 Ruby St., Melrose 
Park, IIl. 

Granite City Steel Co., 20th & Madison 
Aves., Granite City, Ill. 

Graphite Metallizing Corp., 1058 Nep- 
perhan Ave., Yonkers 3, N. Y. (Ad 
Pp 360) 

Graphite Specialties Corp., 64th St. & 
Pine Ave., Niagara Falls, N. Y. (Ad 
Pp 242) 

Grass, M. J. Screw Machine Products Co., 
19 Northampton St., Buffalo 9, N. Y. 
Graver Tank & Mfg. Co., Inc., 6300 Tod 

Ave., East Chicago, Ind. 

Gray-Syracuse, iInc., 116 W Seneca 
St., Manlius, N. Y. (Ad p 346) 
Great American Industries, Inc., Rubatex 

Div,, Bedford, Va. 

Greenback Industries, Inc., 2527 W Maple 
Rd., Birmingham, Mich. 

Greene, G. G. Corp., Warren, Pa. 

Greene Mfg. Co., 1028 Douglas Ave., Ra- 
cine, Wis. 

Greenfield, Samuel Co., Inc., 31 Stone St., 
Buffalo 12, N. Y. 

Greenlee Foundries, Inc., 662 W Roosevelt 

Rd., Chicago 7, Ili. 
Greenlee Foundry Co., Div., 4600 W 
14th St., Chicago 50, Ill. 

Gregg Metal Products Co., 1333 N 9th St., 
Milwaukee 5, Wis. 

Grems Mfg. Co., 5635 S 6th St., Kiamath 
Falls, Ore. 

Grey, C. M. Industries, 358 Central Ave., 
East Orange, N. J. 

Gries Reproducer Corp., 125 Beechwood Ave., 
New Rochelle, N. Y. 

Grimes Mfg. Co., Plastic Research Products 
Div., 200 Beech St., Urbana, Ohio 

Grimm Foundry Co., Inc., Chimney Rock 
Rd., Bound Brook, N. J. 

Grip Nut Co., South Whitley, Ind. 

Gross, Willard N. Inc., 224 Highland Ave., 
Westmont, Collingswood, N. J. 

Guarantee Specialty Mfg. Co., 9651 Carr 
Ave., Cleveland 8, Ohio 

Guilfoy Cornice Works, 1234 Howard St., 
San Francisco 3, Calif. 

Gumm, Frederick Chemical Co., Inc., 538 
Forest St., Kearny, N. J. 

Gunite Foundries Corp., 302 Peoples Ave., 
Rockford, Ill. 

Gusmer, A. Inc., Upper Barron Ave., Wood- 
bridge, N. J. 

Gustin-Bacon Mfg. Co., 210 W 10th St., 
Kansas City 5, Mo. 


h 


H & H Foundry Machine Co., P. 0. Box 238, 
Jeannette, Pa. 

H & H Screw Products, Inc., 570 Elk St., 
Buffalo 10, N. Y. 

H. & H. Screw Products Mfg. Co., 1883 
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Mineral Spring Ave., North Providence 11, 

R. 1. 

H & H Tube & Mfg. Co., 247-275 N Forman 
Ave., Detroit 17, Mich. 

H. & K. Machine Service Co., Inc., 6229 
Bartmer Ave., St. Louis, Mo. 

H-P Products, Inc., 510 W Broad St., Louis- 
ville, Ohio 

H P L Mfg. Co., 15210 Miles Ave., Cleve- 
land 28, Ohio 

H & R Industries, 344 E Walnut St., Naza- 
reth, Pa. 

Haber Corp., 864 W North Ave., Chicago 22, 
Ill. 

Hack, J. H. Mfg. Co., 7049 Lyndon Ave., 
Detroit 21, Mich. 

Haffner Bros. Co., Hopple St. & Central 
Pkwy., Cincinnati 25, Ohio 

Hagstoz, T. B. & Son, 709 Sansom St., 
Philadelphia 6, Pa. 

Haigh Mfg. Co., 225 E Grand River, Brighton, 
Mich, 

Hall Mfg. Corp., 175 Linden St., Hackensack, 
N. J. 

Hamilton Die Cast, 
Hamilton, Ohio 
Hamilton Foundry & Machine Co., 

Lincoln Ave., Hamilton, Ohio 

Hammond Plastics, Inc., 88 Webster St., 
Worcester, Mass. 

Hampden Brass & Aluminum Co., 262 Liberty 
St., Springfield, Mass. 

Handy & Harman, 82 Fulton St., New York 
38, N. Y. 

Hanford Foundry Co., 119 S Arrowhead Ave., 
San Bernardino, Calif. 

Hanline Bros., 1400 Warner St., Baltimore 
30, Md. 

Hanovia Chemical & Mfg. Co., 1 Central Ave., 
East Newark, N. J. 

Harback Mfg. Co., Orange, N. J. 

Harcast Co., 620 E Glenolden Ave., Glen- 
olden, Pa. 

Hardinge Mfg. Co., York, Pa. 

Hardman, H. V. & Co., 571 Cortlandt St., 
Belleville, N. J. 

Hardy, Charles Inc., 420 Lexington Ave., New 
York 17, N. Y. 

Hardy Mfg. Corp., W Pearl St., Union City, 
Ind. 

Harford Machine Screw Co., 92 Deerfield 
Rd., Wilson, Conn. 

Harnischfeger Corp., 400 W National Ave., 
Milwaukee, Wis. 

Harper, H. M. Co., 8200 Lehigh Ave., Morton 
Grove, Ill. 

Harries, Benjamin & Co., 11th & State Sts., 
Chicago Heights, Ill. 

Harrington & King Perforating Co., Inc., 
5655 Fillmore St., Chicago 44, Ill. 

Harrison Paint & Varnish Co., 1329 Harrison 
Ave. SW, Canton 1, Ohio 

Harsco Corp., Precision Castings Div., P. 0. 
Box 1077, Syracuse, N. Y. 

Harshaw Chemical Co., 1945 E 97th St., 
Cleveland 6, Ohio 

Harte & Co., Inc., 16 E 24th St., New York, 
N. Y. 

Hartwell, H. N. & Son inc., 947 Park 
Square Bivd., Boston 16, Mass. (Ad 
p 204) 

Harvey Machine Co., Inc., Harvey Aluminum 
Div., 19200 S Western Ave., Torrance, 
Calif. 

Harvill Corp., 6241 W Century Bivd., Los 
Angeles 45, Calif. 

Harvin & Co., Box 83, Federal St., Kenil- 
worth, N. J. 

Harwood Screw Products, Inc., 1620 E 
Pleasant St., Springfield, Ohio 

Haskelite Mfg. Corp., 701 Ann St. NW, 
Grand Rapids, Mich. 

Hassel, John Inc., Cantigue Rd., West- 
bury, L. I., N. ¥. (Ad p 314) 

Hastings & Co., Inc., 2316 Market St., Phila- 

delphia, Pa. 


Inc., 240 N B St., 
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Haveg Corp., 900 Greenbank Rd., Wilmington 
8, Del. 

Hawkeye Rubber Mfg. Co., 915 Shaver Rq. 
NE, Cedar Rapids, lowa 

Hawkridge Bros. Co. 303 Congress St. 
Boston 10, Mass. 

Hay, James E. Leather Co., 244 Smith St. 
Lowell, Mass. 

Hayden Wire Works, 31 Sylvan St., West 
Springfield, Mass. 

Hayman, Michael & Co., Inc., 856 E Ferry 
St., Buffalo 11, N. Y. 

Hays Mfg. Co., 803 W 12th St., Erie, Pa, 

Hazledine, E. T. Co., 231 S Ist St., Terre 
Haute, Ind. 

Headly Mfg. Co., 4376 W Ogden Ave., Chi- 
cago 23, Iil. 

Heat Bath Corp., P. 0. Box 78, Springfield 1, 
Mass. 

Heavy Minerals Co., 4000 N Hawthorne St. 
Chattanooga, Tenn. 

Heil Process Equipment Corp., 12901 Elm- 
wood Ave., Cleveland 11, Ohio 

Heintz Mfg. Co., Front St. & Olney Ave. 
Philadelphia 20, Pa. 

Held, 0. P. Inc., 1947 Hammersley Ave., 
Bronx 69, N. Y. 

Heller, A. B. Products, Inc., 14571 Lesure 
Ave., Detroit 27, Mich. 

Heller Tool Co., Heller Dr., Newcomerstown, 
Ohio 

Helmick Foundry-Machine Co., P. 0. Box 71, 
Fairmont, W. Va. 

Hendrick Mfg. Co., Dundaff St., Carbondale, 
Pa. 

Henefelt Precision Products, 
Ave., Cincinnati 12, Ohio 

Henning Bros. & Smith, Inc., 91-113 Scott 
Ave., Brooklyn 37, N. Y. 

Henrite Products Corp., Ironton, Ohio 

Heppenstali Co., 4620 Hatfield St., Pitts- 
burgh 1, Pa. 

Hercules Fastener Co., 2722 N Clybourn St., 
Chicago 14, Ill. 

Hercules Powder Co., Wilmington, Del. 

Heresite & Chemical Co., Manitowoc, Wis. 

Herker Screw Products, Inc., 4924 N 125th 
St., Butler, Wis. 

Herman Machine & Tool Co., Tallmadge, Ohio 

Hershey Metal Products, Inc., Derby, Conn. 

Hess, Goldsmith & Co., Inc., 1400 Broadway, 
New York 18, N. Y. 

Hettleman, K. & Sons, Inc., 9th & Patapsco 
Aves., Baltimore 25, Md. 

Hewitt, John Foundry Co., 15-29 Sherman 
Ave., East Newark, N. J. 

Hewitt-Robins, Inc., 666 Glenbrook Rd, 
Stamford, Conn. 

Hexcel Products, Inc., 951 61st St., Oakland 
8, Calif. 

Heypian Mfg. Co., Meinigin Ave., Kenilworth 
19, N. J. 

Hibben & Co., 9376 S Ewing Ave., Chicago, 
lil. 

Hica, Inc., 1431 W 59th St., Shreveport, La. 

Hicks Corp., Hyde Park Ave., Boston, Mass. 

Higbie Mfg. Co., Avon Tube Div., Harpe 
Rd., Rochester, Mich. ; 

Hi-Grade Alloy Corp., 1236 S Tallman St., 
Chicago, Ill. 

Hilfinger Corp., 1800 Westwood Ave., Toledo 
7, Ohio 

Hills-McCanna Co., 3025 N Western Ave., 
Chicago 18, Ill. 

Hilo Varnish Corp., Industrial Finishes Div., 
Carpenter-Morton Co., 376 3rd St., Everett 
49, Mass. 

Himmel Bros. Co., 1409 Dixwell Ave., Ham- 
den, Conn. 

Hitchiner Mfg. Co., Inc., P. 0. Box 232, 
Milford 6, N. H. 

Hobart Bros. Co., 1221 Hobart Rd., Troy, 
Ohio 

Hobbs, Clinton E. Co., 203 Chelsea St, 
Everett 49, Mass. 
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Hodges, William E. & Co., Inc., 1627 N 
American St., Philadelphia 2, Pa. 

Hodgeson Foundry Co., 2012 W 13th St., 
Chicago 8, Ill. 

Hoeganaes Sponge Corp., Taylor Lane & 
River Rd., Riverton, N. J. 

Hoffman Bronze & Aluminum Castings Co., 
1000 Addison Rd., Cleveland 3, Ohio 
Hofford Varnish Co., Inc., Broad & 14th Sts., 

Carlstadt, N. J. 

dohwieler Rubber Co., Inc., 32 Bridge St., 
Morrisville, Pa. 

Hokin Aluminum Co., 142nd St. & Cottage 
Grove, Dolton, Iil. 

Hollingsworth & Vose Co., Washington 
St., East Walpole, Mass. (Ad p 
240) 

Holt Products Co., Walnut St., Holt, Mich. 

Home Rubber Co., 30 Woolverton Ave., Tren- 
ton, N. J. 

Homestead Valve Mfg. Co., P. 0. Box 348, 
Coraopolis, Pa. 

Hommel, 0. Co., 209 4th Ave., Pittsburgh, 
Pa. 

Hoofer Mfg. Co., 544 W Lake St., Chicago 6, 
lil. 

Hooker Electrochemical Co., 51 47th St., 

Niagara Falls, N. Y. 

Durez Plastics Div., 1967 Walck 
Rd., North Tonawanda, New 
York (Ad pp 214, 215) 

Hoover Co., Die Casting Div., 101 E Maple 
St., North Canton, Ohio 

Hoskins Mfg. Co., 4445 Lawton Ave., Detroit 
8, Mich. 

Houghton, E. F. & Co., 303 W Leigh Ave., 
Philadelphia 33, Pa. 

Houghton Laboratories, Inc., 338 Bush 
St., Olean, N. Y. (Ad p 213) 

Houston Blow Pipe & Sheet Metal Works, 
P. 0. Box 1692, Houston 1, Tex. 

Houston Porcelain Enameling Co., 1130 Sidco 
Rd., Houston, Tex. 

Houze Glass Corp., Point Marion, Pa. 

Howard Foundry Co., 1700 N Kostner Ave., 
Chicago 39, Ill. 

Hoyt, Charles D. Co., Inc., 1118 Forest Ave., 
Mishawaka, Ind. 

Huck Mig. Co., 2480 Bellevue Ave., Detroit 
7, Mich. 

Hudson Screw Machine Products Co., 4500 
W Augusta Bivd., Chicago 51, Iil. 

Hudson Smelting & Refining Co., 567 Wilson 
Ave., Newark 5, N. J. 

Hudson Wire Co., Upper Dock, Ossining, N. Y. 

Hughes Glue Co., 3500 St. Aubin St., Detroit 
7, Mich. 

Hughes Tool Co., 5425 Polk Ave., P. 0. Box 
2539, Houston 1, Tex. 

Hull, R. 0. & Co., Inc., 1300 Parsons Court, 
Rocky River 16, Ohio 

Hungerford Plastics Corp., Hanover Ave., 
Morristown, N. J. 

Hunt Screw & Mfg. Co., 4117 N Kilpatric 
Ave., Chicago 41, Ill. 

Hunter Spring Co., 1 Spring Ave., Lansdale, 
Pa. 

Huntington Land & Improvement Co., Stand- 
ard Felt Co., 29 S Paim Ave., Alhambra, 
Calif. 

Huron Automatic Screw Co., 1401 Water St., 
Port Huron, Mich. 

Huron Forge & Machine Co., 9041 Alpine 
Ave., Detroit 4, Mich. 

Hussey, C. G. & Co., 2850 2nd Ave., Pitts- 
burgh 19, Pa. 

aie Co., 131-137 E Ast St., Roselle, 

Hydroforming Co. of America, 4700 W 
Lawrence Ave., Chicago 31, Ill. 

Hydrometals, Inc., Illinois Zinc Co., 2959 W 
47th St., Chicago 32, Ill. 

Hy-Level Screw Products Co., 2615 Scranton 

Rd., Cleveland 13, Ohio 


Ideal Can Co., 68 Vine St., Everett 49, Mass. 

Ideal Metal Products Co., 4842 W Kinzie 
St., Chicago 44, Ill. 

Ideal Plastics Corp., 184-10 Jamaica Ave., 
Hollis 7, N. Y. 

Illinois Forge, Inc., 209 E 4th St., Rock 
Falls, Til. 

Illinois Iron & Bolt Co., Carpentersville, Ill. 

Illinois Minerals Co., 8072/2 Washington Ave., 
Cairo, IIl. 

Illinois Precise Casting Co., 903 N Spaulding 
Ave., Chicago 51, Ill. 

Illinois Smelting & Refining Co., 3637 S 
Albany Ave., Chicago 32, IIl. 

Illinois Tool Works, Shakeproof Div., St. 
Charles Rd., Elgin, Ill. 

Imco Container Corp., 75th & Cleveland Sts., 
Kansas City, Mo. 

Impax Inc., P. 0. Box 5841, Ferguson 21, 
Mo. 

Improved Seamless Wire Co., 775 Eddy St., 
Providence 5, R. I. 

Imsande Screw Products Co., 3517 Cardiff 
Ave., Cincinnati 9, Ohio 

Indar Corp., Indianapolis, Ind. 

Independence Stove & Mfg. Co., Haywood & 
Cottage Sts., Independence, Mo. 

Indiana Brass Co., Inc., P. 0. Box 113, 
Frankfort, Ind. 

Indiana Forge & Machine Co., 3468 Watling 
St., East Chicago, Ind. 

Indiana Steel Products Co., Valparaiso, Ind. 

Indiana Steel & Wire Co., Inc., 700 S 
Council St., Muncie, Ind. 

Indium Corp. of America, 1676 Lincoln Ave., 
Utica, N. Y. 

Indus Corp., Wheel & Bearing Div., 1125 E 
Georgia St., Indianapolis 2, Ind. 

Industrial Chromium Corp., 109 Lyman St., 
Holyoke, Mass. 

Industrial Electric, Inc., 3233 Magazine St., 
New Orleans 6, La. 

Industrial Enterprises, Inc., Vinconnea Steel 
Div., Vinconnea, Ind. 

Industrial Equipment Co., 115 Ohio St., 
Minster, Ohio 

Industrial-Ferguson Foundry Corp., Route 22, 
Union, N. J. 

Industrial Metal Protectives, Inc., 401 
Homestead Ave., Dayton 8, Ohio 

Industrial Mica Corp., 223 S Van Brunt St., 
Englewood, N. J. 

Industrial Pipe & Supply Co., 5100 W 16th 
St., Cicero 50, Ill. 

Industrial Plastic Fittings Co., 3891 W 
150th St., Cleveland 11, Ohio 

Industrial Plastics Corp., 816 W Beardsley 
Ave., Elkhart, Ind. 

Industrial Precision Products, 325 N Hoyne 
Ave., Chicago 12, Ill. 

Industrial Screw Machine Products Co., 1654 
W 75th Pl., Chicago, Ill. 

Industrial Synthetics Corp., 225 North Ave., 
Garwood, N. J. 

Industrial Tectonics, Inc., 3686 Jackson Rd., 
Ann Arbor, Mich. 

Ingalls Iron Works Co., 620 4th Ave., Bir- 
mingham, Ala. 

Ingersoll-Rand Co., Phillipsburg, N. J. 

Ingram-Richardson, Inc., 1450 Jefferson Rd., 
Frankfort, Ind. 

Ingram-Richardson Mfg. Co., P. 0. Box 191, 
Beaver Falls, Pa. 

Inland Automatic, Inc., 1108 Jackson St., 
Omaha 8, Neb. 

Inland Steel Co., 38 S Dearborn St., Chicago 
3, Il. 

Inspiration Consolidated Copper Co., 25 
Broadway, New York 4, N. Y. 


In contacting suppliers, please mention the Materials Selector 






Instrument Parts Corp., Snowden Ave. & 
Water St., Ossining, N. Y. 
lastrument Specialties Co., inc., 
224-A Bergen Bivd., Little Falls, 
N. J. (Ad p 347) 
Insulation Mfrs. Corp., 565 W Washington 
Bivd., Chicago 6, Iil. 
Insulation Products Co., P. 0. Box 5679, 
Pittsburgh 8, Pa. 
Interchemical Corp., 67 W 44th St., New 
York 36, N. Y. 
Angier Adhesives Div., 120 Pot- 
ter St., Cambridge 42, Mass. 
(Ad p 221) 
Finishes Div., 
Newark, N. J. 
Interlake Mfg. Co., 13595 Helen Ave., 
Detroit 12, Mich. 
International Balsa Corp., 94 Boyd Ave., 
Jersey City 4, N. J. 
International Harvester Co., 180 Michigan 
Ave., Chicago, IIl. 
international Nickel Co., Inc., 67 Wall 
St., New York 5, N. Y. (Ads pp 77, 
125) 
International Optical Co., Inc., 47 Urban 
Ave., Westbury, L. I., N. Y. 
International Paper Co., Long-Bell Div., 
Longview, Wash. 
International Powder Metallurgy Co., Inc., 
439 Main St., Ridgeway, Pa. 
Investment Castings Co., 60 Brown Ave., 
Springfield, N. J. 
Iowa Malleable Iron Co., 9th & Kirkwood 
Sts., Fairfield, lowa 
Irvington Form & Tank Corp., 20 Vesey St., 
New York 7, N. Y. 
Irwin Foundry & Mine Car Co., Industrial & 
Furnace Car Div., Box 311, Irwin, Pa. 
Isaacson Iron Works, 8531 E Marginal Way, 
Seattle 14, Wash. 

Isocyanate Products, Inc., 900 Wilmington 
Rd., New Castle, Del. 

Iten Fibre Co., P. 0. Box 20, Ashtabula, Ohio 


224 McWhorter St., 


Jackson Auto Radiator, 1515 Altgeld St., 
Chicago 14, Iil. 

Jackson Steel Products, Inc., 32 Rodney St., 
Brooklyn 11, N. Y. 

Jackson-Wheeler Metals Service, Inc., 270 
Georgia Ave., Brooklyn, N. Y. 

Jamestown Malleable Iron Corp., Tiffany 
Ave., Jamestown, N. Y. 

Jamestown Paint & Varnish Co., Jamestown, 
Pa. 

Janney Cylinder Co., 7401 State Rd., Phila- 
delphia 36, Pa. 

Janson Industries, Inc., 268 Norman Ave., 
Brooklyn 22, N. Y. 

Jarco Metal Products, Portland Ave., West- 
bury, L. L, N. Y. 

Jarl Extrusions, Inc., 400 W Commer- 
cial Ave., East Rochester, N. Y. (Ad 
Pp 360) 

Jasco Aluminum Products Corp., New Hyde 
Park, N. Y. 

Jasper Lacquer Co., Inc., Vine St., Jasper, 
Ind. 

Jeannette Shade & Novelty Co., N 4th, 
Jeannette, Pa. 

Jelliff, C. 0. Corp., Southport, Conn. 

Jelrus Precision Casting Corp., 136 W 52rd 
St., New York 19, N. Y. 

Jema Chemical & Supply Co., 190 South St., 
Newark, N. J. 

Jet Components, Inc., 3142 San Fernando 
Rd., Los Angeles, Calif. 

Jet Specialties Co., Inc., 941 N Eastern 
Ave., Los Angeles, Calif. 

Jobbins, William F. Inc., Aurora, Ill. 

Johns-Manville Corp., Dutch Brand Div., 22 
E 40th St., New York 16, N. Y. 
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Addresses of Suppliers 


Johnson Bronze Co., 500 S Mill St., New 
Castle, Pa. 

Johnson Glass & Plastic Corp., 5248 Elston 
Ave., Chicago 30, Ill. 

Johnson Metal Hose, Inc., 10 Sperry St., 
Waterbury 20, Conn. 

Johnson Plastic Corp., Box 312, Chagrin 
Falls, Ohio 

Johnson Rubber Co., 111 Vine St., Middle- 
field, Ohio 

Johnson Steel & Wire Co., Inc., 53 Wiser 
Ave., Worcester 1, Mass. 

Johnstone Foundries, Inc., Grove City, Pa. 

Jolens Metal Products Co., 224 Sussex Ave., 
Newark 4, N. J. 

Jones & Laughlin Steel Corp., 3 Gate- 
way Center, Pittsburgh 30, Pa. (Ads 
pp 76, 323) 

Jones Metal Products Co., West Lafayette, 
Ohio 

Jones-Dabney Co., 1481 S llth St., Louis- 
ville, Ky. 

Jordan Co., 51st & Merrimac Ave., Chicago 
38, Ill. 

Jordan Machine Products, Inc., 3611 St. 
Aubin Ave., Detroit 7, Mich. 

Jordan-Rogers Co., 640 N Cypress, Orange, 
Calif. 

Joslyn Mfg. & Supply Co., Wm. E. Pratt 
Mfg. Co. Div., 18 Henderson Ave., Joliet, 
Til. 

Joymont Plastics, Inc., 710 S State St., 
Girard, Ohio 

Judd Industries, Inc., 3148 W 32nd St., 
Cleveland 9, Ohio 

Judsen Rubber Works, Inc., 4107 W Kinzie 

« St., Chicago 24, Ill. 


kK 


K-D Mfg. Co., 435 Shaffer St., Cleburne, 
Texas 

K & L Plating Co., 535 E Mifflin St., Lan- 
caster, Pa. 

KSH Plastics, Inc., Hwy. 30, High Ridge, 
Mo. 

Kaiser Aluminum & Chemical Sales, Inc., 
919 Michigan Ave., Chicago 11, Ill. 

Kaiser Metal Products, Inc., Bristol, Pa. 

Kanawha Mfg. Co., Charleston, W. Va. 

Kano Laboratories, 1000 S Thompson Lanz, 
Nashville 11, Tenn. 

Kansas City Hay Press Co., 801 Weeswether 
Rd., Kansas City 5, Mo. 

Kawneer Co., Mill Products Div., St. Charles, 
Til. 

Kay-Bee Machine Products Co., 2776 S 34th 
St., Milwaukee 15, Wis. 

Kay-Brunner Steel Products, Inc., 999 Meri- 
dian Ave., Alhambra, Calif. 

Kaykor Industries, Inc., Yardville, N. J. 

Keasbey & Mattison Co., 1956 Butler Ave., 
Ambler, Pa. 

Keen Foundry Co., Inc., E Main & E Jerr 
Sts., Griffith, Ind. 

Kees, F. D. Mfg. Co., 700 Park St., Bea- 
trice, Neb. 

Kelly Foundry Co., 1704 Wharton St., Pitts- 
burgh 3, Pa. 
Kelsey-Hayes Co., Utica Drop Forge & Tool 
Div., 2415 Whitesboro St., Utica, N. Y. 
Kendall Co., Polyken Sales Div., 309 W 
Jackson Blivd., Chicago, Ill. 

Kendall Mills, Inc., Walpole, Mass. 

Kensico Tube Co., Inc., Hubbell & R. R. 
Aves., Mt. Kisco, N. Y. 

Kenmore Machine Products, Inc., 15 De- 
pew Ave., Lyons, N. Y. 

Kennametal, Inc., Lloyd Ave., Latrobe, Pa. 

Kennecott Copper Corp., 161 E 42nd St., 
New York, N. Y. 

Kennedy Automatic Products, Inc., 406 S 
Linden St., Marshall, Mich. 
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Kenosha Automatic Products Co., 3919 13th 
Ave., Kenosha, Wis. 

Kent Castings Corp., 200 Garden St. SE, 
Grand Rapids 7, Mich. 

Keolyn Plastics, Inc., 2731 N Pulaski Rd., 
Chicago 39, Ill. 

Kepec Chemical Corp., P. 0. Box 782, 1454 
N 4th St., Milwaukee 1, Wis. 

Kerr, R. W. Plastic Co., 220 S Burlington 
Ave., Hastings, Neb. 

Kerr-Lakeside Industries, Inc., 21850 St. 
Clair Ave., Cleveland 17, Ohio 

Kewaunee Engineering Corp., N Main St., 
Kewaunee, Wis. 

Keystone Carbon Co., 1935 State St., St. 
Marys, Pa. 

Keystone Drawn Steel Co., Main & Bridge 
Sts., Spring City, Pa. 

Keystone Forging Co., Northumberland, Pa. 

Keystone Plastics, Inc., 2331 Morris Ave., 
Union, N. J. 

Keystone Refining Co., Inc., 4821-31 Garden 
St., Philadelphia 37, Pa. 

Keystone Steel & Wire Co., Peoria 7, Ill. 

Kickhaefer Mfg. Co., 901 S 2nd St., Mil- 
waukee 4, Wis. 

Kidd Drawn Steel Co., Aliquippa, Pa. 

King, Alfred B. Co., Devine St., North 
Haven, Conn. 

King Laboratories, Inc., 127 Solar St., Syra- 
cuse 3, N. Y. 

King-Seely Corp., Central Specialty Div., 720 
Norris St., Ypsilanti, Mich. 

Kingsport Foundry & Mfg. Corp., E Sullivan 
& Main Sts., Kingsport, Tenn. 

Kipp & Co., Inc., 3401 S Hanover St., 
Baltimore 25, Md. 

Kirchhof Patent Co., Inc., Dietze Bidg., 60- 
64 Union St., Newark 5, N. J. 

Kirk, Morris P. & Son, Inc., 2700 S Indiana 
St., Los Angeles 23, Calif. 

Kleiner Metal Specialties, Inc., P. 0. Box 
185, Dunellen, N. J. 

Kling Metal Spinning & Stamping Co., 245- 
247 Centre St., New York 13, N. Y. 

Klinizing, A. F. Co., Inc., 921A S 2nd St., 
Milwaukee 4, Wis. 

Klise Mfg. Co., Inc., 50 Cottage Grove St., 
Grand Rapids 2, Mich. 

Knapp Mills, Inc., 23-17 Borden Ave., Long 
Island City 1, N. Y. 

Knight, Maurice A., 171 Kelly Ave., Akron 
6, Ohio 

Knoedler Chemical Co., 651 High St., Lan- 
caster, Pa. 

Knowlton Bros., Inc., 215 Factory, Water- 
town, N. Y. 

Knox Porcelain Corp., 2706 Mynders Ave., 
Knoxville 1, Tenn. 

Koehring Co., Milwaukee, Wis. 

Kohn Engineering Corp., 8830 S Telegraph 
Rd., Taylor Center, Mich. 

Kolcast Industries, Inc., 16601 Euclid, Cleve- 
land, Ohio 

Koller Craft Plastic Products, Inc., Fenton, 
Mo. 

Kopp Glass, Inc., 2108 Palmer St., Pitts- 
burgh, Pa. 

Koppers Co., Inc., Chemical Div., Koppers 
Bidg., Pittsburgh 19, Pa. 

Koster-Keunen Mfg. Co., Inc., Bourne Bivd., 
Sayville, N. Y. 

Koven, L. 0. & Bro., Inc., 154 Ogden Ave., 
Jersey City 7, N. J. 

Koven Fabricators, Inc., 90 E Dickerson St., 
Dover, N. J. 

Kover, John R. Mfg. Co., Inc., Bridge Sq., 
Anoka, Minn. 

Kraloy Plastics Pipe Co., Inc., 4710-20 E 
Washington Bivd., Los Angeles 22, Calif. 

Kramer, C. P. Co., 9230 W Belmont Ave., 
Franklin Park, Ill. 

Kramer, H. & Co., Ajax Metal Div., 46 
Richmond St., Philadelphia 23, Pa. 













Kroh Wagner, 2331-41 N Crawford Ave. 
Chicago 39, Ill. 

Krone, Paul Die Casting Co., 1811 N Kostner 
Ave., Chicago 39, IIl. 

Kropp Forge Co., 5301 W Roosevelt Rd., 
Chicago 50, Iil. 

Krueger Fabricating Co., Inc., 257 W Badger 
Rd., Madison 5, Wis. 

Krueger & Hudepohl, Inc., 1041 Evans St. 
Cincinnati 4, Ohio 

Kuhn & Jacob Molding & Tool Co., 1200 
Southard Ave., Trenton 8, N. J. 

Kurz-Kasch Inc., 1421 S Broadway, Dayton 
1, Ohio 

Kuss, R. L. & Co., Inc., 739 Foulke Ave.. 
Findlay, Ohio 

Kutztown Foundry & Machine Corp., Kutz- 
town, Pa. 

Kwikset Powdered Metal Products, 516 Ww 
Santa Ana St., Anaheim, Calif. 


L.O.F. Glass Fibers Co., 1810 Madison Ave., 
Toledo 1, Ohio 
Corrulux Div., P. 0. Box 20026, Hous- 
ton, Tex. 
La France Precision Casting Co., 2002 S 
29th St., Philadelphia 45, Pa. 
La Porte Foundry Co., 301 Truesdell Ave., 
La Porte, Ind. 
La Salle Steel Co., P. 0. Box 6800-A, Chi- 
cago 80, Ill. 
Laclede Steel Co., Arcade Bldg., 812 Olive 
St., St. Louis, Mo. 
Laconia Malleable Iron Co., 71 Water St., 
Laconia, N. H. 
Lacquer & Chemical Corp., 214 40th St., 
Brooklyn 32, N. Y. 
Lacquer Products Inc., 9001 Kinsman Rd, 
Cleveland 4, Ohio 
Ladish Co., 5481 Packford Ave., Cudahy, 
Wis. 
Lake Chemical Co., 3052 W Carroll Ave., 
Chicago 12, Ill. 
Lake City Malleable Co., 5000 Lakeside Ave., 
Cleveland 14, Ili. 
Lake Erie Foundry Co., 143 Fillmore Ave., 
Buffalo 10, N. Y. 
Lake Erie Foundry Co., Inc., 302 Penn Ave., 
Girard, Pa. 
Lake Mfg. Corp., 1070 East St., New 
Britain, Conn. 
Lakeland Industries, Isle, Minn. 
Lakeside Bronze, Inc., 90 Arthur St., Buf- 
falo 7, N. Y. 
Lakeside Malleable Castings Co., Racine, 
Wis. 
Lakeview Forge Co., 1725 Pittsburgh Ave., 
Erie, Pa. 
Lakewood Metal Products, Inc., 39 Cherry 
Ave., Waterbury 20, Conn. 
Laminated Plas-Tex Corp. 1427 W North 
St., Springfield, Ohio 
Laminated Shim Co., 1600 Union St., 
Glenbrook, Conn. (Ad p 335) 
Lamson Products Co., 1228 Poplar PI., 
Seattle 44, Wash. 
Lamtex Industries, Inc., 51 State St., West- 
bury, L. L, N. Y. 
Lancaster Glass Corp., Lancaster, Ohio 
Lancaster Malleable Castings Co. 1170 
Lititz Ave., Lancaster, Pa. 
Landau, J. & Co., Inc., Washington Ave., 
Carlstadt, N. J. 
Lang-Scharmann & Co., 206 W Ist St., 
Marshfield, Wis. 
Langsenkamp, F. H. Co., South & Harmon 
Sts., Indianapolis, Ind. 
Langsenkamp-Wheeler Brass Works inc. 
1234 Shelby St., Indianapolis, Ind. 
Lansdale Porcelain Enamel Corp., Lansdale, 
Pa. 










































Larkin Specialty Mfg. Co., 915 Linden Ave., 
South San Francisco, Calif. 

Larson, Charles E. & Sons, Inc., 2665 N 
Keeler Ave., Chicago 22, Ill. 

tarson Tool & Stamping Co., Olive St., 
Attleboro, Mass. 

Latrobe Steel Co., Latrobe, Pa. 

Lattimer Foundry & Machine Co., Lattimer 
Mines, Pa. 

Lattner Bros. Machining Co., 650 E Troy, 
Ferndale 20, Mich. 

Latwaitis, Ernest A., 102-09 Remsen PI., 
Howard Beach 14, N. Y. 

Lavin R. & Sons, Inc., 3426 S Kedzie Ave., 
Chicago 23, Ill. 

Lawrence, L. Co., Inc., 292 Halsey St., 
Newark 2, N. J. 

Lawrence Copper & Bronze Co.,, W New 
Castle St., Zilenpole, Pa. 

Lawrence Laboratory, 1668 Euclid St., Santa 
Monica, Calif. 

Lawrenceville Screw Co., 4920 Harrison St., 
Pittsburgh 1, Pa. 

Laystrom Mfg. Co., 2001-17 N Parkside 
Ave., Chicago 39, Pa. 

Leach & Garner Co., Industrial Div., 
Leach & Garner Bidg., Attleboro, 
Mass. (Ad p 327) 

Leader Iron Works, Inc., 2100 N Jasper St., 
Decatur, Ill. 

Lebanon Steel Foundry, ist Ave. & E 
Lehmen St., Lebanon, Pa. (Ad p 
313) 

Lee Bros. Foundry Co., Inc., P. 0. Box 231, 
Anniston, Ala. 

Lee Rubber & Tire Corp., Hector St., Con- 
shohocken, Pa. 

Leed, H. A. Co., 1685 Diswell Ave., Ham- 
den, Conn, 

Lehigh, Inc., 1500 Lehigh Dr., Easton, Pa. 

Leitelt Bros., Inc., 7721 S Chicago Ave., 
Chicago 19, Ill. 

Lenape Hydraulic Pressing & Forging 
Co., Box 536, West Chester, Pa. 
(Ad p 341) 

Lerner Plastics, Inc., 502 South Ave., Gar- 
wood, N. J. 

Lester Castings, Inc., Cannon & Aurora Rds., 
Bedford Heights, Ohio 

Levinson Steel Co., S 20th & Wharton St., 
Pittsburgh 3, Pa. 

Lewin-Mathes Co., 1111 Chouteau Ave., St. 
Louis 2, Mo. 

Lewis, J. P. Co., Plastic Products Div., 
Beaver Falls, N. Y. 

Lewis & Saunders, Lakeport, N. H. 

Lewis Welding & Engineering Corp., 100 
Northfield Rd., Bedford, Ohio 

Lewistown Foundry & Machine Co., 16 Eliz- 
abeth St., Lewistown, Pa. 

Libbey-Owens-Ford Glass Co., 1808 Madison 
Ave., Toledo, Ohio. 

— & Co., 1513 Oak St., Kansas City 
, WO, 

Light Metals Corp., 1211 Monroe Ave. NW, 
Grand Rapids, Mich. 

Light Metals, Inc., 1100 E 24th St., Indian- 
apolis, Ind. 

Lignum-Vitae Products Corp., 98 Boyd Ave., 
Jersey City 4, N. J. 

Lincoln Electric Co., 22777 St. Clair Ave., 
Cleveland, Ohio 


—_ Foundry, 1803 Delavan St., Lincoln, 


Lincoin Foundry Corp., 2525 E 49th St., 
Los Angeles 58, Calif. 

Lincoln Iron Works, Rutland, Vt. 

Lincoln Machine Parts Corp., 732 E 144th 
St., New York 54, N. Y. 

Lincoln Mfg. Co., Inc., 2617 W Fletcher St., 
Chicago 18, Ill. 

Lincoln Steel Corp., 315 W 9th St., Lincoln 
1, Neb. 

Lindell Drop Forge Co., 2830 S Logan Bivd., 
Lansing 3, Mich. 


Linden & Co., Inc., 80 Baker St., Providence 
S..&.. 2, 

Linderme Tube Co., 1500 219th St., Cleve- 
land 17, Ohio 

Lindsay Chemical Co., 264 Ann St., West 
Chicago, Ill. 

Link-Belt Co., 220 S Belmont Ave., Indian- 
apolis 6, Ind. 

Litemetal Dicast Inc., 1927 Wildwood Ave., 
Jackson, Mich. 

Lithcote Corp., 5000 W Lake St., Melrose 
Park, Ill. 

Lithium Corp. of America, Inc., 2690 
Rand Tower, Minneapolis 2, Minn. 
(Ad p 129) 

Littite Foundries, Inc., 2431 Conners St., 
Port Huron, Mich. 

Little Falls Alloys, inc., 189 Caldwell 
Ave., Paterson, N. J. (Ad p 358) 
Littlestown Hardware & Foundry Co., Inc., 

Charles St., Littlestown, Pa. 

Livingston-Tyler Products, 501 N 5th St., 
Hamilton, Ohio 

Lloyd & Scott Brass Foundry, Inc., 2206 
Tatnall St., Wilmington 99, Del. 

Lock Joint Tube Co., 1400 Riverside Dr., 
South Bend, Ind. 

Locke Machine Co., 971 E 63rd St., Cleve- 
land 3, Ohio 

Lockhart Iron & Steel Co., River Ave., 
McKees Rocks, Pa. 

Lockport Mfg. Co., 1102 Collins St., Joliet, 
Ill. 

Lockport Steel Fabricators, Inc., P. 0. Box 
67, Lockport, Ill. 

Lockrey-Fater Corp., 38-13 10th St., Long 
Island City 1, N. Y. 

Lodge Mfg. Co., R.R. & 6th, South Pitts- 
burgh, Pa. 

Loeffler, J. M. Co., Machine & Brass Works, 
149 N 4th St., Philadelphia 6, Pa. 

Loewenthal Metals Corp., 947 Cullerton St., 
Chicago 8, Ill. 

Logo, Inc., 12933 S Stoney Island 
Ave., Chicago 33, Il. (Ad p 270) 

Long Beach Iron Works, 2100 W Anaheim 
St., Long Beach 13, Calif. 

Longview Paint & Varnish Co., 1203 Cali- 
fornia Way, Longview, Wash. 

Lorain Automatic Screw Machine Co., Inc., 
218 Connecticut, Lorain, Ohio 

Lorain Brass Co., 639 Broadway, Lorain, Ohio 

Lord Chemical Co., 2068 S Queen St., York, 
Pa. 

Los Angeles Steel Casting Co., 6100 S Boyle 
Ave., Los Angeles 58, Calif. 

Loven Chemical of California, 244 S Pine 
St., Newhall, Calif. 

Lowe Bros. Co., 424 E 3rd St., Dayton 2, 
Ohio 

Lubenow, Arthur Co., 2015 S Kinnickinnic 
Ave., Milwaukee 7, Wis. 

Lukens Steel Co., Coatesville, Pa. 

Lumb Woodworking Co., Inc., 61 Main St., 
Poughkeepsie, N. Y. 

Lumen Bearing Co., 197 Linthrop St., Buffalo 
12, N. Y. 

Luminous Resins, Inc., 180 W Washington 
St., Chicago 2, Ill. 

Lundberg Screw Products Co., 2101 W 
Willow St., Lansing 4, Mich. 

Lunn Laminates, Inc., Oakwood & W llth 
Sts., Huntington Station, N. Y. 

Luria Engineering Co., 1745 Easton Ave., 
Bethlehem, Pa. 

Lustra-Cite Industries, Inc., 331 Kent Ave., 
Brooklyn 11, N. Y. 

Lux Clock Mfg. Co., Inc., 95 Johnson St., 
Waterbury 20, Conn. 

Luzerne Rubber Co., Muirhead Ave., Trenton 
7, N. J. 

Lyndon Machine Products Co., Inc., 18564 
Fitzpatrick Ave., Detroit 28, Mich. 

Lynn, Gary Co., 926 York St., Cincinnati 14, 
Ohio 






M & S Mfg. Co., 220 Main St., Hudson, 
Mich. 

Mass & Waldstein Co., 2121 McCarter Hwy., 
Newark 4, N. J. 

Macaulay, H. C. Foundry Co., 811 Carlton 
St., Berkeley 10, Calif. 

Machine Products Corp., 425 Hollier Ave., 
Dayton 3, Ohio 

Machinery Forging Co., 5430 Hamilton Ave., 
Cleveland 14, Ohio 

Machinery Products Co. of Lancaster, 317 E 
Fulton St., Lancaster 10, Pa. 

Machinery Products Corp., 2020 N Major 
Ave., Chicago 39, Ill. 

Mac-It Parts Co., 275 E Liberty St., Lan- 
caster, Pa. 

MacKenzie Walton Co., 478 Pawtucket Ave., 
Pawtucket, R. I. 

Macwhyte Co., 2906 14th Ave., Kenosha, Wis. 

Madison Foundry Co., 935 Addison Rd., 
Cleveland 3, Ohio 

Madison-Kipp Corp., 217 Waubesa St., Madi- 
son 4, Wis. 

Magic Chemical Co., 121 Crescent St., Brock- 
ton 2, Mass. 

Magic Iron Cement Co., 5403 Bower Ave., 
Cleveland 27, Ohio 

Magirl Foundry & Furnace Co., 413 E Oak- 
land Ave., Bloomington, Ill. 

Magline, Inc., 1960 Mercer St., Pinconning, 
Mich. 

Magna Mfg. Co., Inc., 4th Ave., Haskell, 
N. J. 

Magnesium Co. of America, 5222 Indianapolis 
Bivd., East Chicago, Ill. 

Magnetic Powders, Inc., Fairview Ave., John- 
sonburg, Pa. 

Magnode Products, Inc., Extrusion Div., P. 0. 
Box 292, Trenton, Ohio 

Mahon, R. C. Co., 6565 E 8 Mile Road, 
Detroit 34, Mich. 

Main Screw Machine Products, Inc., 58 La- 
fayette St., Waterbury, Conn. 

Majestic Stamping Co., 9310 Hubbell Ave., 
Detroit 28, Mich. 

Makepeace, D. E. Co., Attleboro, Mass. 

Mallory, P. R. & Co., Inc., 3033 E Washing- 
ton, Indianapolis 6, Ind. 

Mallory-Sharon Titanium Corp., 980 
Warren Ave., Niles, Ohio (Ad p 
133) 

Malone Bronze Powder Works, Inc., Malone, 
: es 

Malone Metal Powders, Inc., 220 W 42nd 
St., New York 36, N. Y. 

Mansfield Brass & Aluminum Corp., 287 N 
Diamond St., Mansfield, Ohio 

Mantel Screw Products Co., 3200 W Vliet 
St., Milwaukee 8, Wis. 

Manufacturers Corp., 104 Ausdale Ave., 
Mansfield, Ohio 

Manufacturers & Fabricators, Inc., Filbert 
St., Elyria, Ohio 

Manufacturers Iron Foundry, Inc., 785 Union 
Ave., Bridgeport, Conn. 

Marblette Corp., 37-31 30th St., Long Island 
City 1, N. Y. 

Markal Co., 3052 W Carroll Ave., Chicago 
12, Ill. 

Marko Engineering Co., Inc., 801 Herring 
Ave., Charlotte 1, N. C. 

Marquette Mfg Co., Inc., 307 E Hennepin 
Ave., Minneapolis, Minn. 

Marquette Metal Products Co., 1145 Gale- 
wood Dr., Cleveland 10, Ohio 

Marshall Car Wheel & Foundry Co., Inc., 605 
Greenwood Ave., Marshall, Tex. 

Martin Rubber Co., Inc., 156 Broadway, Long 
Branch, N. J. 

Martin Varnish Co., 900 W 49th St., Chicago 
9, Ill. 

Masco Screw Products Co., 12825 Ford Rd., 
Dearborn, Mich. 
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Masland Duraleather Co., Amber & Willard 
Sts., Philadelphia 34, Pa. 

Mason Envelope Co., Inc., 536 Broadway, 
New York 12, N. Y. 

Masonite Corp., P. 0. Box 268, Ukiah, Calif. 

Massachusetts Screw Mfg. Co., 9 W 3rd St., 
South Boston 27, Mass. 

Master Bronze Powder Co., Inc., 538-548 W 
State St., Calumet City, Ill. 

Master Chrome Service, Inc., 5709 Herman 
Ave., Cleveland 2, Ohio 

Masury, John W. & Son, Inc., Bayard & 
Severn Sts., Baltimore 30, Md. 

Matthiessen & Hegeler Zinc Co, 9th & 
Sterling Sts., LaSalle, Ill. 

Maumee Machine & Tool Corp., 2501 La- 
grange St., Toledo 8, Ohio 

Maynard Mfg. Co., 22755 Shakespeare Ave., 
East Detroit, Mich. 

Mayon Plastics, 415 17th Ave. N, Hopkins, 
Minn. 

Mayville Metal Products Co., 104 Highland 
St., Mayville, Wis. 

McCarter Iron Works, Inc., Norristown, Pa. 

McDanel Refractory Porcelain Co., 
2929 Main St., Buffalo 14, N. Y. 
(Ad p 242) 

McDowell Mfg. Co., 301 Stanton Ave., Pitts- 
burgh 9, Pa. 

McGean Chemical Co., 1040 Midland Bldg., 
101 Prospect Ave. NW, Cleveland 15, Ohio 

McInnes Steel Co., 441 E Main St., Corry, 
Pa. 

McKay Co., 481 McKay Blidg., Pittsburgh, 
Pa. 

McKinney Mfg. Co., 1715 Liverpool St., 
Pittsburgh 33, Pa. 

McLanahan & Stone Corp., 200 Wall St., 
Hollidaysburg, Pa. 

McLouth Steel Corp., 
Ave., Detroit 17, Mich. 

McMahon Bros. Machine Works, Inc.,, 3200 
S 61st Court, Cicero 50, Ill. 

McMath-Axilrod Corp., 628 Third Ave., 
Dallas, Tex. 

McNally Pittsburg Mfg. Corp., Drawer D, 
Pittsburg, Kan. 

Meaden Screw Products Co., 3010 S Kilbourn 
Ave., Chicago 23, Ill. 

Mearl Corp., 124 E 40th St., New York, 
N. Y. 

Measuregraph Co., 4245 Forest Park Bivd., 
St. Louis 8, Mo. 

Mechanical Art Works, Inc., 96-98 Monroe 
St., Newark 5, N. J. 

Mechanical Felt & Textiles Co., 50 W 18th 
St., Weehawken, N. J. 

Mechanical Leathers, Inc., 2204 E Butler 
St., Philadelphia 37, Pa. 

Mechanical Plating Co., 1500-26 W Hub- 
bard St., Chicago 22, Ill. 

Mechanical Rubber Products Co., Warwick, 
N. Y. 

Mechanical Steel Tubing Corp., 500 Barry 
St., New York 59, N. Y. 

Medico Industries, Inc., 11-13 Tompkins St., 
Pittston, Pa. 

Meehanite Metal Corp., 714 North 
Ave., New Rochelle, N. Y. (Ad pp 
354, 355) 

Meeker Foundry Co., Newark 4, N. J. 

Meier Screw Products & Mfg. Co., 19361 
Sherwood Ave., Detroit, Mich. 

Melco Wire Products, 4407 San Fernando 
Rd., Glendale 4, Calif. 

Melling Forging Co., 1709 Thompson St., 
Lansing 3, Mich. 

Menardi & Co., 1222 E Grand Ave., El 
Segundo, Calif. 

Mengel Co., P. 0. Box 660, Louisville 1, Ky. 

Merit Screw Machine Products Co., 4847 W 
Lake St., Chicago 44, Il. 

Merit Specialties Co., Inc., 203-205 E Davis 
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St., St. Louis 11, Mo. 

Merix Chemical Co., 1021 E 55th St., Chi- 
cago 15, Iii. 

Merkin, M. J. Paint Co., Inc., 1441 Broad- 
way, New York, N. Y. 

Merrimac Brass Co., 22 High St., Merrimac, 
Mass. 

Merriman Bros., Inc., 185 Amory St., Bos- 
ton 30, Mass. 

Merz Machine & Tool Works, 920 N Main 
St., Crown Point, Ind. 

Mesa Plastics Co., 11751 Mississippi St., 
Los Angeles 25, Calif. 

Metal Coating Corp., 1217 W 37th St., Chi- 
cago 9, Ill. 

Metal Finishers, Inc., 78 S Franklintown Rd., 
Baltimore 23, Md. 

Metal Forming Corp., 1937 Sterling Ave., 
Elkhart, Ind. 

Metal Goods Corp., 6211 Cedar Springs Rd., 
Dallas 35, Tex. 

Metal Hydrides, Inc, 12 Congress St., 
Beverly, Mass. 

Metal Mold Magnesium Corp., 95 Hamilton 
St., Cedarburg, Wis. 

Metal Parts & Stamping Co., 1120 Eastern 
Ave., Cincinnati, Ohio 

Metal Powder Products, Inc., P. 0. Box 
189-C, Logan, Ohio 

Metal Textile Corp., Ist Ave., E, Roselle, 
N. J. 

Metal & Thermit Corp., Rahway, N. J. 

Metal Trims, Inc., Livingston Rd., Jackson, 
Miss. 

Metal-Cladding, Inc., North Tonawanda, N. Y. 

Metallizing Co. of America, 3520 W Carroll 
Ave., Chicago, Iil. 

Metallizing Co. of Los Angeles, 1233 S 
Boyle Ave., Los Angeles 23, Calif. 

Metallizing Engineering Co.,  Inc., 
1101 Prospect Ave., Westbury, L. I., 
N. Y. (Ads pp 126, 266) 

Metallurgical Products Co., 35th & Moore 
Sts., Philadelphia, Pa. 

Metals & Controls Corp., General Plate Div., 
50 Forest St., Attleboro, Mass. 

Metals Disintegrating Co., Inc., P. 0. Box 
290, Elizabeth, N. J. 

Metalweld, Inc., Protective Coating Div., 
Scotts Lane & Abbottsford Ave., Phila- 
delphia, Pa. 

Metaplast Process, Inc., 34-51 56th Ave., 
Woodside, New York, N. Y. 

Met-L-Wood Corp., 6755 W 65th St., Chi- 
cago 38, Ill. 

Meyer, J. & Sons, Inc., 4321 N 4th St., 
Philadelphia 40, Pa. 

Mica Fabricating Co., 
Rochelle Park, N. J. 

Mica Insulator Co., Schenectady 1, N. Y. 

Michelman Chemicals, Inc., 6316 Wiehee Rd., 
Cincinnati, Ohio 

Michigan Chrome & Chemical Co., 8615 Grin- 
nell Ave., Detroit 5, Mich. 

Michigan Leather Products Co., 6307 E 
Lafayette Ave., Detroit 7, Mich. 

Michigan Powdered Metal Product Co., Inc., 
456 E Cady St., Northville, Mich. 

Michigan Wire Cloth Co., 2100 Howard St., 
Detroit 16, Mich. 

Micro Metallic Corp., 30 Sea Cliff Ave., 
Glen Cove, N. Y. 

Micro Products Corp., 4116-18 Olive St., St. 
Louis 8, Mo. 

Micro-Metals Co., 52 E Montecito Ave., 
Sierra Madre, Calif. 

Midland Adhesive & Chemical Corp., 2600 
Goodrich St., Ferndale, Mich. 

Midland Industrial Finishes Co., East Water 
St., Waukegan, III. 

Midland Paint & Varnish Co., 3801 E 91st 
St., Cleveland 5, Ohio 

Midland Pipe & Supply Co., 2829 S 6lst 
St., Cicero 50, Ill. 
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Mid-States Rubber Products, Inc., 22] fF 
Maxwell Ave., Evansville, Ind. 
Midvale-Heppenstall Co., Nicetown, 

delphia 40, Pa. 
Midwest Mfg. Co., 24 Allen St., St. Louis 
19, Mo. 
Midwest Molding & Mfg. Co., Gurnee, III, 
Midwest Piping Co., Inc., 2nd & Barry Sts. 
St. Louis 4, Mo. 
Midwest Plastic Products Co., 1801 Chicago 
Rd., Chicago Heights, IIl. 
Midwest Screw Products, Inc., 1641 Coit 
Ave., East Cleveland 12, Ohio 
Mid-West Screw Products Co., 3662 Park 
Ave., St. Louis 10, Mo. 
Midwest Sintered Products, 13605 S Halsted 
St., Chicago 27, IIl. 
Mid-West Wire Products Co., Inc., 2555 
Fenkell Ave., Detroit 38, Mich. 
Midwestern Foundries, Inc., 614 E Quincy, 
Garrett, Ind. 
Milford Automatics, Inc., 1553 Boston Post 
Rd., Milford 15, Conn. 
Milford Rivet & Machine Co., 857 Bridge- 
port Ave., Milford, Conn. 
Milled Screw Products Co., 2016-2026 W 
Lake St., Chicago 12, Ill. 
Miller Co., Rolling Mill Div., 99 Centre St., 
Meriden, Conn. 
Millers’ Brass Fitting Co., Inc., 30 Main St., 
Brooklyn 1, N. Y. 
Milwaukee Aluminum & Brass Foundry, 643 
S 2nd St., Milwaukee 4, Wis. 
Milwaukee Die Casting Co., 4132 N Holton 
St., Milwaukee 12, Wis. 
Milwaukee Forge & Machine Co., 1532 E 
Oklahoma Ave., Milwaukee 7, Wis. 
Milwaukee Machine Products Co., 3889 N 
Ist St., Milwaukee 12, Wis. 
Milwaukee Stamping Co., 800-S 72nd St., 
Milwaukee 14, Wis. 
Milwaukee Valve Co., 2375 S Burrell St., 
Milwaukee, Wis. 
Minimax Co., 5905 N Clark St., Chicago 
26, Il. 
Minneapolis Electric Steel Castings Co., 3800 
NE 5th St., Minneapolis 21, Minn. 
Minneapolis Honeywell Regulator Co., 2753 
4th Ave. S, Minneapolis 8, Minn. 
Minnesota Mining & Mfg. Co., 900 Bush 
Ave., St. Paul 6, Minn. 
Adhesives & Coatings Div., 411 Piquette 
Ave., Detroit 2, Mich. 
Irvington Varnish & Insulation Div., 
Irvington, N. J. 
Mica Insulator Div., 
St., Denver, Colo. 
Minnesota Platon Corp., Hwy. 23, North- 
east Pipestone, Minn. 
Minnesota Rubber & Gasket Co., 3630 
Wooddale Ave., Minneapolis 16, Minn. 
Misco Precision Casting Co., 116 W Gibbs, 
Whitehall, Mich. 

Misner Corp., 940 N 23rd St., Omaha 2, 
Neb. 

Missouri Boiler & Sheet Iron Works, 23rd 
& Papin Sts., St. Louis 3, Mo. 

Missouri Paint & Varnish Co., 5125 N 2nd 
St., St. Louis 7, Mo. 

Mitchel & Scott Machine Co., Inc., 1841 
Ludlow Ave., Indianapolis 7, Ind. 

Mitchell-Bradford Chemical Co., Wampus 
Lane, Milford, Conn. 

Mobay Chemical Co., 1901 S 2nd St., 
St. Louis 4, Mo. (Ad p 216) 

Mobile Paint Mfg. Co., 854 S Conception 
St., Mobile 9, Ala. 

Model Brass Co., Inc., 232-40 E Decatur 
St., Decatur, Ill. 

Modern Brass Foundry & Mfg. Co., 157 
Thurman St., Columbus 6, Ohio 

Modern Plastics Corp., 121-129 S Hancock 
Ave., Freeport, Ill. 

Modern Plating Corp., Hancock Ave. & Al- 
bum St., Freeport, Ill. 


Phila- 
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Modern Screw Products Co., 2307 N 9th St., 
St. Louis 6, Mo. 
Molded Fiber Glass Co., 4421 Bene- 


fit Ave., Ashtabula, Ohio (Ad p 
348) 

Molded Products Co., Inc., Route 5, Bur- 
lington, Wis. 


Moldex, 745 5th Ave., New York 22, N. Y. 

Monarch Aluminum Mfg. Co., 9205 Detroit 
Ave., Cleveland 2, Ohio 

Monarch Products Co., Leske Stamping Div., 
1259 E lst St., Monroe, Mich. 

Monarch Tool & Mfg. Co., 105 E 4th St., 
Covington, Ky. 

Mono-Sol Corp., 407 County Line Rd., Gary, 
Ind. 

Monroe Co., Inc., 10703 Quebec Ave., Cleve- 
land 16, Ohio 

Monroe, Lederer & Taussig, Inc., 606 N 
American St., Philadelphia 23, Pa. 

Monsanto Chemical Co., Plastics Div., 600 
Monsanto Ave., Springfield, Mass. 

Montague Machine Co., 15th St., Turners 
Falls, Mass. 

Monteath, J. H. Co., 2500 Park Ave., New 
York 51, N. Y. 

Moody Machine Products Co., Inc., 42 Dud- 
ley St., Providence 5, R. I. 

Moore, George W. Inc., 100 Beaver St., 
Waltham 54, Mass. 

Moore Dry Dock Co., Adeline St., Oakland 
23, Calif. 

Morganite, Inc., 3320 48th Ave., Long Island 
City 1, N. Y. 

Morningstar, Nicol, Inc., Paisley Products, 
Inc. Div., 630 W 5lst St., New York 
19, N. Y. 

Morrison Steel Products, Inc., 601 Amherst 
St., Buffalo 7, N. Y. 

Morrisville Foundry Co., Inc., Morrisville, Vt. 

Morse, Fred W. Co., 309 S Main St., Provi- 
dence 3, R. I. 

Mosinee Paper Mills Co., Mosinee, Wis. 

Mt. Vernon Die Casting Corp., Southfield 
Ave., Stamford, Conn. 

Muehistein, H. & Co., Inc., 60 E 42nd St., 
New York 17, N. Y. 

Mueller Brass Co., 1925 Lapeer Ave., Port 
Huron, Mich. 

Mueller Machine Products, 
Packard Ave., Cudahy, Wis. 

Muncie Malleable Foundry Co., E Highland 
Ave., Muncie, Ind. 

Muncie Metal Spinning Inc., 3000 S Hackley 
St., Muncie, Ind. 

Murdock Mfg. Co., 
Venice, Calif. 

Murray Tube Works, Inc., P. 0. Box 476, 
Elizabeth, N. J. 

Muskegon Piston Ring Co., Gardner St., 

Sparta, Mich. 
Sparta Foundry Div., Sparta, Mich. 

Mycalex Corp. of America, 125 Clifton 


Bivd., Clifton, N. J. (Ad pp 184, 
188) 


Nalge Co., Inc., 625 S Goodman St., Roch- 
ester 2, N. Y. 

Napoleon Products Co., 410 Filmore St., 
Napoleon, Ohio 

Narragansett Boiler Works, Inc., 614 S Main 
St., Providence 3, R. I. 

National Acme Co., 170 E 131st St., Cleve- 
land 8, Ohio 

National Aluminum & Brass Foundry, Inc., 
1311 W Elm St., Independence, Mo. 

National Aluminum Co., 1133 Alum Creek 
Dr., Columbus 9, Ohio 

National Aluminum Co., Inc., 1912 Edge- 
wood Ave., Racine, Wis. 

National Aluminum Mfg. Co., 720 Park Ave., 

Peoria, Ill. 


Inc., 3807 S 


4056 Del Rey Ave., 


National Brass Works, Inc., 2140 E 25th 
St., Los Angeles 58, Calif. 

National Casein Sales, 601 W 80th, Chicago 
20, Ill. 

National Copper & Smelting Co., 1862 E 
123rd St., Cleveland 6, Ohio 

National Cored Forgings Co., Inc., Connecti- 
cut Ave., Box 119, South Norwalk, Conn. 

National Cylinder Gas Co., Tube Turns Div., 
E Broadway, Louisville 1, Ky. 

National Distillers & Chemical Corp., 
U.S. Industrial Chemicals Co. Div., 
99 Park Ave., New York 16, N. Y. 
(Ad p 121) 

National Electric Products Corp., 2 Gateway 
Center, Pittsburgh 22, Pa. 

National Felt Co., 76 Summer St., Boston 
10, Mass. 

National Gasket & Washer Mfg. Co., Inc., 
124 E 25th St., New York 10, N. Y. 
National Iron Co., 50th Ave. W & Famsey 

St., Duluth 7, Minn. 
National Lead Co., 111 Broadway, New York 

6, N. Y 

Doehler-Jarvis Div., Toledo 1, Ohio 

Metal Div., 111 Broadway, New York 
6, N. Y. 

Titanium Pigment Corp., 111 Broad- 
way, New York, N. Y. 

National Lead Construction Co., 265 Kings 
Hwy. W, Haddonfield, N. J. 

National Malleable & Steel Castings Co., 
10600 Quincy Ave., Cleveland 6, Ohio 
National Mfg. Corp., 153 Filmore Ave., Tona- 

wanda, N. Y. 

National Metal Abrasive Co., 3560 Nortin 
Rd., Cleveland 11, Ohio 

National Metal Products Co., Porcelain Metal 
Products Div., Roslyn Rd., Carnegie, Pa. 

National Molded Products, Inc., 40 St. 
Marys St., St. Marys, Pa. 

National Moldite Co., 1410 Chestnut Ave., 
Hillside 5, N. J. 

National Paint & Manganese Co., Lynch- 
burg, Va. 

National Paint Products, Inc., 500 Chancellor 
Ave., Irvington 11, N. J. 

National Polymer Products, Inc., 125 N 4th 
St., Reading, Pa. 

National Radiator Co., 342 Madison Ave., 
New York 17, N. Y. 

National-Standard Co. 8th & Howard St., 

Niles, Mich. 

Reynolds Wire Div., 809 E 2nd St., 
Dixon, Ill. 

Worcester Wire Works Div., 70 James 
St., Worcester 3, Mass. 

National Starch Products, Inc., 270 Madison 
Ave., New York 16, N. Y. 

National Steel & Shipbuilding Corp., Harbor 
Dr. & 28th St., San Diego 12, Calif. 
National Supply Co., 2 Gateway Center, 

Pittsburgh 30, Pa. 

National Tank Co., Wells & Sandspring Rd., 
Tulsa, Okla, 

National-U.S. Radiator Corp., Plastic Metals 
Div., 4457 Bridge St., Johnstown, Pa. 
National Vulcanized Fibre Co., Box 311, 

Wilmington 99, Del. 

Naugatuck Automatics, Inc., New Haven Rd., 
Naugatuck, Conn. 

Neilson Chemical Corp., 6559 Benson St., 
Detroit, Mich. 

Nesbitt Industries, Inc., 
Ave., Chicago 47, Ill. 
Nesor Alloy Products Co., 282 Halsey St., 

Newark 2, N. J. 

New Britain Machine Co., South St., New 
Britain, Conn. 

New England Brass Co., 16 Parks Ave., 
Taunton, Mass. 

New England Electrical Works, Inc., 365 
Main St., Lisbon, N. H. 

New England Laminates Co., Inc., 481 Canal 
St., Stamford, Conn. 

New England Smelting Works, Inc., 502 
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Union St., West Springfield, Mass. 

New England Tape Co., Inc., 40 Tower St., 
Hudson, Mass. 

New Haven Copper Co., Main St., Seymour, 
Conn. 

New Haven Screw Machine Products, Inc., 
561 Boston Post Rd., Milford, Conn. 

New Jersey Aluminum Extrusion Co., Inc., 
P. 0. Box 73, North Brunswick, N. J. 

New Jersey Metals Co., 712 Rockefeller St., 
Elizabeth 2, N. J. 

New Jersey Zinc Co., 160 Front St., New 
York 38, N. Y. 

New Mexico Copper Corp., P. 0. Box 56, 
Carrizozo, N. Mex. 

New Products Corp., 448 North Shore 
Ave., Benton Harbor, Mich. (Ad p 
319) 

New York Iron Roofiing & Corrugating Co., 
Inc., 94 Ist St., Jersey City 2, N. J. 

Newark Wire Cloth Co., 357 Verona Ave., 
Newark 4, N. J. 

Newman Bros., Inc., 670 W 4th St., Cin- 
cinnatl 3, Ohio 

Newman Crosby Steel Co., Deane St., Paw- 
tucket, R. L. 

Newport Steel Corp., 9th & Thomas Sts., 
Newport, Ky. 

Newton-New Haven Co., 680 3rd Ave., West 
Haven, Conn. 

Newtown Mfg. Co., Newtown, Conn. 

Ney, J. M. Co., P. 0. Box 990, Hartford 1, 
Conn. 

Nichols, L. 0. & Son Mfg. Co., 1625 Locust 
St., Kansas City 8, Mo. 

Nichols Wire & Aluminum Co., 1725 Rock- 
ingham Rd., Davenport, Iowa 

Nicoud Mfg. Co., 3220 Grand Ave., Chicago 
51, Ill. 

Nigg Engineering Corp., 545 N 2nd Ave., 
Corina, Calif. 

Nikoh Tube Co., 5000 S Whipple St., Chi- 
cago 32, Ill. 

Nikolas, G. J. & Co., Inc., 2890 Washington 
Bivd., Bellwood, Ill. 

Niles Corp., 2827 Dixie Way N, South Bend, 
Ind. 

Nilsen Mfg. Co., Electronicast Div., 21 North 
Church St., Addison, Ill. 

Nixon Nitration Works, Nixon, N. J. 

Noera Mfg. Co., 236 Grand St., Waterbury 
20, Conn. 

Nolte Screw Machine Products Co., 1534 
Freeman Ave., Cincinnati 14, Ohio 

Nopco Chemical Co., Inc., Harrison, N. J. 

Norcross, C. S. & Sons Co., Dean & Davis 
Sts., Bushnell, Ill. 

Norgren-Stemae, Inc., 1277 S Cherokee St., 
Denver 23, Colo. 

North American Philips Co., Inc., Elmet Div., 
Lewiston, Me. 

North Wales Foundry Co., Inc., Wissahickon 
Ave., North Wales, Pa. 

Northern Industrial Chemical Co., Inc., 7 El- 
kins St., South Boston 27, Mass. 

Northern Malleable Iron Co., 867 Forest St., 
St. Paul 6, Minn. 

Northern Plastics Corp., Market St., La- 
Crosse, Wis. 

Northwest Automatic Products Corp., 1770 
Linden Ave., Minneapolis 3, Minn. 

Northwest Chemical Co., Inc., 9310 Roselawn 
Ave., Detroit 4, Mich. 

Northwest Plastics Inc. 65 E Plato, St. 
Paul, Minn. 

Northwest Plastics Industries, Inc., 2040 
15th Ave. W, Seattle 99, Wash. 

Northwestern Machine Corp., 3014 Hadley 
St., St. Louis 7, Mo. 

Norton Co., 1 New Bond St., Wor- 
cester 6, Mass. (Ad p 265) 

Norwich Leather Co., 685 N Main St., Nor- 
wich, Conn. 

Nukem Products Corp., 111 Colgate Ave., 

Buffalo, N. Y. 
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Addresses of Suppliers 


Nu-Ply Corp., Bemidji, Minn. 
Nutmeg Screw Machine Products Co., Wol- 
cott Rd., Wolcott, Conn. 


0 


Oakes Bronze & Aluminum Co., Bronze Rd., 
Warren, Ohio 
Oakland Foundry & Machine Co., 607-621 
Woodward Ave., Rochester, Mich. 
Oatey, L. H. Co., 10230 Berea Rd., Cleve- 
land 2, Ohio 
Oberdorfer Foundries, Inc., Thompson Rd., 
Syracuse 1, N. Y. 
Octagon Process Inc., Bank & Jersey Sts., 
Staten Island, N. Y. 
Ohio Adhesive Corp., P. 0. Box 466, New 
Philadelphia, Ohio 
Ohio Carbon Co., 12508 Berea Rd., Cleve- 
land 11, Ohio 
Ohio Crankshaft Co., 4621 E 71st St., Cleve- 
land 1, Ohio 
Ohio Forge & Machine Corp., 3010 Woodhill 
Rd., Cleveland 4, Ohio 
Ohio Metal Products Co., 35 N Bates St., 
Dayton 2, Ohio 
Ohio Nut & Washer Co., Box 66, Mingo 
Junction, Ohio 
Ohio Precision Castings, Inc., 109 Webb St., 
Dayton 3, Ohio 
Ohio Rubber Co., 301 Ben Hur Ave., Wil- 
loughby, Ohio 
Ohio Screw Products, Inc., 818 West St., 
Elyria, Ohio 
Ohio Steel Foundry Co., 1075 James St., 
Springfield, Ohio 
Oil City Iron Works, S 12th St. & S. P.R. R., 
Corsicana, Tex. 
Olderman Mfg. Corp., P. 0. Box 917, Bridge- 
port, Conn. 
“a ~ as Co., 4481 Mason St., South Gate, 
Olean Electro Plating Co., 890 N 5th St., 
Olean, N. Y. 
Olin Mathieson Chemical Corp., 460 
Park Ave., New York 22, N. Y. 
(Ad p 124) 
Western Brass Mills Div., 125 Munson 
St., New Haven 4, Conn. 
Olson Mfg. Co., 100 Prescott St., Worcester 
5, Mass. 
Olympic Steel Works, 151 Horton St., Seattle 
4, Wash. 
Omaha Steel Works, 609 S 48th St., Omaha 
6, Neb. 
Omco Products Corp., 907 Wheel St., Spring- 
field, Ohio 
Omni Products Corp., 460 4th Ave., New 
York 16, N. Y. 
Orange Rollerbearing Co., Inc., 557 Main St., 
Orange, N. J. 
Oregon Brass Works, 1127 SE 10th Ave., 
Portiand 14, Ore. 
Oregon Metallurgical Corp., Albany, Ore, 
Ormond Mfg. Co., Inc., 3325 Hudson Ave., 
Union City, N. J. 
O'Sullivan Rubber Corp., Valley Pike St., 
Winchester, Va. 
Owen Mfg. Co., S State Street Rd., Litch- 
field, Ill. 
Owen Pattern Foundry & Mfg. Co., Inc., 710 
W 22nd St., Norfolk 10, Va. 
Owens-Corning Fiberglas Corp., 598 Madison 
Ave., New York 22, N. Y. 
Owens-Illinois Glass Co., Toledo, Ohio 


Pabst Engineering Equipment Co., Inc., 676 
Pennsylvania Ave., Elizabeth 3, N. J. 
Pacific Brass Foundry of San Francisco, 251 
2nd St., San Francisco, Calif. 
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Pacific Coast Foil Co., 500 Sansome St., San 
Francisco, Calif. 

Pacific Foundry Co., Ltd., 3100 19th St., 
San Francisco 10, Calif. 

Pacific Screw Products Co., 930 Linden Ave., 
South San Francisco, Calif. 

Pacific Sintered Metals Co., 7728 E! Manor 
Ave., Los Angeles, Calif. 

Pacific States Steel Corp., Niles, Calif. 

Pacific Tube Co., 5710 Smithway St., Los 
Angeles 22, Calif. 

Page Belting Co., Concord, N. H. 

Palmyra Foundry Co., Inc., Palmyra, N. J. 

Pan-American Metal Products Co., Inc., 401 
NW 7lst St., Miami 38, Fla. 

Paramount Die Casting Co., St. Joseph 23, 
Mich. 

Paramount Paint & Lacquer Co., 3411 E 
15th St., Los Angeles 23, Calif. 

Park Drop Forge Co., 777 E 79th St., Cleve- 
land 3, Ohio 

Parker Appliance Co., Rubber Products Div., 
17325 Euclid Ave., Cleveland 12, Ohio 

Parker, Charles Co., Hanover St., Meriden, 
Conn. 

Parker & Harper Mfg. Co., 119 Dewey St., 
Worcester 10, Mass. 

Parker Metal Goods Co., 85 Prescott St., 
Worcester, Mass. 

Parker Paint Mfg. Corp., Locust & Poplar 
Sts., Valparalso, Ind. 

Parker Rust Proof Co., 2177 E Milwaukee 
St., Detroit 11, Mich. 

Parker, Stearns & Co., Inc., 300 Sheffield 
Ave., Brooklyn 7, N. Y. 

Parker White Metal Co., 2153 
McKinley Ave., Erie, Pa. (Ad p 
357) 

Parr Paint & Color Co., 18312 Syracuse 
Ave., Cleveland 10, Ohio 

Patterson Foundry & Machine Co., 41 Helene 
St., East Liverpool, Ohio 

Patterson-Sargent Co., 1325 E 38th St., 
Cleveland 14, Ohio 

Pattin Mfg. Co., Box 527, Marietta, Ohio 

Paulson, Thomas & Son, Inc., 450 Union St., 
Brooklyn 31, N. Y. 

Pawling Rubber Corp., Pawling, N. Y. 

Payson Corp., 420 Lexington Ave., New York 
17, N. Y. 

Peck Spring Co., 80 Whiting St., Plainville, 
Conn. 

Peerless Alloy Co., 1445 Osage St., Denver 
4, Colo. 

Peerless Automatic Machine Co., 1970 W 
77th St., Cleveland 2, Ohio 

Peerless Industries, Inc., 8050 N Territorial 
Rd., Plymouth, Mich. 

Peerless Molded Plastics, Inc., 401 Hamilton 
Ave., Toledo 2, Ohio 

Peerless Products Industries, 812-14-16 N 
Pulaski Rd., Chicago 51, Iil. 

Peerless Roll Leaf Co., Inc., 4511 New York 
Ave., Union City, N. J. 

Pemco Wheel Co., 1872 Ravine Rd., Kala- 
mazoo, Mich. 

Penberthy Instrument Co., 4301 6th Ave. S, 
Seattle 8, Wash. 

Penn Brass & Copper Co., 3837 W 20th 
St., Erie, Pa. 

Penn Extrusion Corp., 3837 W 20th St., 
Erie, Pa. 

Penn Fibre & Specialty Co., Inc., 2026 E 
Westmoreland St., Philadelphia 34, Pa. 
Penn Precision Products, Inc., 501 Crescent 

Ave., Reading, Pa. 

Penn Veneer Co., Inc., Sumner St. & Penn 
R. R. York, Pa. 

Pennsalt Chemicals Corp., 3 Penn Center, 
Philadelphia 2, Pa. 

Pennsylvania Engineering Corp., P. 0. Box 
311, New Castle 17, Pa. 

Pennsylvania Malleable Iron Corp., 712 S 
Prince St., Lancaster, Pa. 

Penrod, Floyd & Sons Tool & Engineering 

Corp., 1208 W 2nd St., Muncie, Ind. 





Pequonnock Foundry, Inc., 335 5th St. 
Bridgeport, Conn. 
Perfex Plastics, Inc., 2632 S Dearborn, Chi 
cago 16, Ill. 
Perkins, Henry Co., Bridgewater, Mass. 
Permanent Filter Corp., 1800 W Washington 
Bivd., Los Angeles 7, Calif. 
Permold Co., P. 0. Box 70, Medina, Ohio 
Perrin, Edward C. Co., 3rd & Grant Sts 
Camden 2, N. J. 
Perry Fay Co., 200 Perry Ct., Elyria, Ohio 
Perry-Austin Mfg. Co., 240 Parkinson Ave. 
Staten Island 5, N. Y. 
Peterson Products Corp., 1735 W Armitage 
Ave., Chicago 22, Ill. 
Pettibone Mulliken Corp., 4700 W Division 
St., Chicago 51, Ill. 
Pfaudler Co., West Ave. & Clark St. Ro- 
chester 3, N. Y. 
Pfister Aluminum Corp., 475 Franklin Turn- 
pike, Allendale, N. J. 
Phelps Dodge Copper Products Corp. 300 
Park Ave., New York 22, N. Y. 
Phelps Dodge Refining Corp., 40 Wall St. 
New York, N. Y. 
Philadelphia Asbestos Corp., 2010 N 10th 
St., Philadelphia 22, Pa. 
Philadelphia Enameling Works, Inc., Plastics 
Div., 256 N 13th St., Philadelphia 7, Pa. 
Philadelphia Steel & Wire Corp., Penn St. & 
Belfield Ave., Philadelphia 44, Pa. 
Phillips, F. C. Inc., 471 Washington St., 
Stoughton, Mass. 
Phillips Bros. Screw Products Co., 2909 S 
Logan St., Lansing 17, Mich. 
Phillips Petroleum Co., Phillips Chemical Co., 
Bartlesville, Okla. 
Philrus Products Co., 135 Newark St. 
Newark 4, N. J. 
Phoenix Die Casting Co., 21-23 Illinois St., 
Buffalo 3, N. Y. 
Phoenix Products Co., 4715 N 27th St., 
Milwaukee 9, Wis. 
Picco, Inc., 335 S Raymond Ave., Pasadena 
1, Calif. 
Pierce, F. 0. Co., 2-33 50th Ave., Long 
Island City 1, N. Y. 
Pierce Governor of Ohio, Inc., S.T.D. Div, 
Asbestos Ave., Alliance, Ohlo 
Pierce & Stevens Chemical Corp., 710 Ohio 
St., Buffalo, N. Y. 
Pilgrim Plywood Corp., Waterbury, Vt. 
Pioneer Aluminum Inc., 5251 W_ Imperial 
Bivd., Los Angeles 45, Calif. 
Piper Tool Co., Inc., 556 Jefferson Court, 
Detroit 7, Mich. 
Pittsburgh Corning Corp., 1 Gateway Center 
Pittsburgh 22, Pa. 
Pittsburgh Crushed Steel Co., 4839 Harrison 
St., Pittsburgh 1, Pa. 
Pittsburgh Die & Casting Co., 7503 Ardmore 
St., Pittsburgh 18, Pa. 
Pittsburgh Forgings Co., Thorn St., Coraopo- 
lis, Pa. 
Pittsburgh Forgings Co, 919 Amur St., 
Jackson, Mich. 
Pittsburgh Foundry & Machine Co., 36th 
St., Pittsburgh 1, Pa. 
Pittsburgh Plate Glass Co, 632 Fort 
Duquesne Bivd., Pittsburgh 22, Pa. 
Fiber Glass Div., 1 Gateway Center, 
Pittsburgh 2, Pa. 
Forbes Finishes Div., 3800 W 143rd 
St., Cleveland 11, Ohio 
Pittsburgh Smelting & Refining Co., 100 W 
Elizabeth St., Pittsburgh 7, Pa. 
Pittsburgh Steel Co., Thomas Strip 
Div., Grant Bidg., Pittsburgh 30, Pa. 
(Ad pp 74, 758) 
Pittsburgh Steel Foundry Corp., P. 0. Box 
986, Pittsburgh 30, Pa. 
Pittsburgh Tool Steel Wire Co., Monaca, Pa. 
Plast-Ad Mfg. Co., 22 N Michigan St., South 
Bend, Ind. 
Plastex Co., 3232 Cleveland Ave., Columbus 
24, Ohie 






















Plastic Masters, Inc., U.S. 12 W, New 
Buffalo, Mich. 

Plastic Mold & Tool Co., 7347 State Rd., 
Philadelphia 35, Pa. 

Plastic Packaging Co., 2025 W Charleston 
St., Chicago 47, Ill. 

Plastic Pipe & Tube Corp., 224 S Mipas St., 
Santa Barbara, Calif. 

Plastic Process Co., Inc., 10400 Aviation 
Bivd., Los Angeles 45, Calif. 

Plastic Products Co., 6475 Georgia St., 
Detroit 11, Mich. 

Plastic & Rubber Products, 2100 Hyde Park 
Blvd., Los Angeles 47, Calif. 

Plastics Engineering Co., 1607 Geele 
Ave., Sheboygan, Wis. (Ad p 196) 

Plax Corp., Box 1019, Hartford, Conn. 

Plumb Chemical Corp., 4837 James St., 
Philadelphia 37, Pa. 

Plume & Atwood Mfg. Co., N Main St., 
Thomastown, Conn. 

Plura Plastics, 17-21 Newark Way, Maple- 
wood, N. J. 

Plymouth Industrial Products, Inc., 502 
Indiana Ave., Sheboygan, Wis. 

Pohlman, R. L. Co., 6730 Olive Street Rd., 
St. Louis 5, Mo. 

Pohiman Foundry Co., Inc., Buffalo, N. Y. 

Polacoat, Inc., 9752 Conklin Rd., Cincinnati 
42, Ohio 

Polo Plastics Co., 1718 N Ist St., Milwaukee 
12, Wis. 

Polyform Plastics Corp., 24 University PI., 
New York 3, N. Y. 

Polymer Chemical Co., 5920 Carthage Ave., 
Cincinnati 12, Ohio 

Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa. (Ad p 195) 

Polyphase Machine Co., 43-22 50th St., 
Woodside 77, L. I., N. Y. 

Polyplastic Products, Inc., 24th Ave., Pater- 
son, N. J. 

Poor & Co., Canton Forge & Axle Works, 
2025 Dueber Ave. SW, Canton 6, Ohio 
Porcelain Enamel Finishers, 3221 W 35th 

St., Chicago 23, Ill. 
Porcelain Metals Corp. of Louisville, 1400 S 
13th St., Louisville 10, Ky. 
Porcelain Products, Inc., N Patterson St., 
Carey, Ohio 
Portable Electric Tools, Inc., Admiral Die 
Castings Div., 250 W 83rd St., Chicago 
20, Ill. 
Porter, H. K. Co., Inc., 50 Foley St., Somer- 
ville, Mass. 
Connors Steel Div., Box 118, Hunting- 
ton 6, W. Va. 
Quaker Rubber Div., Tacony & Comly 
Sts., Philadelphia 24, Pa. 
Riverside-Alloy Metal Div., 1 Pavilion 
Ave., Riverside, N. J. 
Porter, William Co., 1007 Santa Fe Ave., 
Los Angeles 21, Calif. 
Porter Paint Co., 14th & Cedar Sts., Louis- 
ville 1, Ky. 
Portland Co., 58 Fore St., Portiand, Me. 
Portiand Iron Works, 1335 NW Northrup St., 
Portland 9, Ore. 
Posey Iron Works, Inc., 560 S Prince St., 
Lancaster, Pa. 
Potts & Co., C. & G., 816 Washington Ave., 
Indianapolis, Ind. 
Powder Metals Products Co., 500 St. Marys 
St., St. Marys, Pa. 
Powdercraft Corp., 746 Hayne St., Spartan- 
burg, S. C. 
“a Pressed Steel Co., Erie St., Hubbard, 
Practl-Cole Products, Inc., 130 Chapel St., 
New Haven 13, Conn. 
Pratt & Lambert, Inc., 75 Tonawanda St., 
Buffalo 7, N. Y. 
Precision Castparts Co., 5001 SE Johnson 
Creek Bivd., Portland 6, Ore. 
Precision Extrusions, Inc., 132 S Addison St., 
Bensenville, Ill. 





Precision Fabricating & Mfg. Co., 30020 
Lakeland Blvd., Wickliffe, Ohio 

Precision Founders, Inc., 414 Heste St., San 
Leandro, Calif. 

Precision Machine Co., 1110 E 22nd St., 
Indianapolis 2, Ind. 

Precision Metal Products Co., 1946 Com- 
merce St., Ellwood City, Pa. 

Precision Metal Spinning Co., 9861 Dixie 
Hwy., Clarkston, Mich. 

Precision Metalsmiths, Inc., 1081 E 200th 
St., Cleveland 17, Ohio 

Precision Piece Parts, Inc., 712 S Logan St., 
Mishawaka, Ind. 

Precision Screw Products Co., Inc., 4764 
Valley Bivd., Los Angeles 32, Calif. 

Precision Tube Co., Inc., Church Rd. & 
Wissahicken Ave., North Wales, Pa. 

Premier Metal Works, Inc., 1616 S Clinton 
St., Chicago 16, Il. 

Prescott Co., 1610 15th St., Menominee, 
Mich. 

Presmet Corp., 112 Harding St., Worcester 
4, Mass. 

Pressed Steel Tank Co., 1493 S 66th St., 
Milwaukee 14, Wis. 

Presstite-Keystone Engineering Products Co., 
3738 Chouteau Ave., St. Louis, Mo. 

Presswork, Inc., Lead Alloy Products Div., 
9100 Roselawn St., Detroit 4, Mich. 

Presto Plastic Products Co., Inc., 11 E 26th 
St., New York 10, N. Y. 

Prima Pipe Co., Southwest Div., 1108 Pul- 
liam, San Angelo, Tex. 

Prince Rubber Co., Inc., 1675 Niagara St., 
Buffalo 7, N. Y. 

Prisma Products Corp., 2801 Frenchmen St., 
New Orleans 10, La. 

Progressive Service Co., 2745 Locust St., 
St. Louis 3, Mo. 

Protective Treatments Inc., 420 Dellrose 
Ave., Dayton, Ohio 

Puget Sound Plywood, Inc., 230 E F St., 
Tacoma 2, Wash. 

Pure Carbon Co., Inc., 441 Hall Ave., St. 
Marks, Pa. 

Puritan Co., Inc., Beach & Lyell Aves., 
Rochester, N. Y. 

Purolator Products, Inc., 970 New Bruns- 
wick Ave., Rahway, N. J. 

Pusey & Jones Corp., Front & Poplar Sts., 
Wilmington 9, Del. 

Pyramid Mouldings, Inc., 5353 W Armstrong 
Ave., Chicago 30, Ill. 

Pyramid Plastics, Inc., 554 W Polk 
St., Chicago 7, Ill. (Ad p 344) 
Pyro Plastics Corp., Pyro Park, Union, N. J. 
Pyron Corp., Box E, LaSalle Station, 
Niagara Falls, N. Y. (Ad p 359) 
Pyrosil, Inc., 1889 Front St., Cuyahoga Falls, 

Ohio 


4 


Quaker Alloy Casting Co., Myerstown, Pa. 

Quaker City Felt Co., 1734 Ludlow St., 
Philadelphia 3, Pa. 

Quaker State Metals Co., P. 0. Box 1167, 
Lancaster, Pa. 

Quality Castings Co., 1004 N Main St., Orr- 
ville, Ohio 

Quest, J. F. Foundry Co., 900 4th St. S, 
Minneapolis 15, Minn. 

Quigley Co., Inc., 415 Madison Ave., New 
York 17, N. Y. 


r 


Racine Screw Co., 1501 Clark St., Racine, 
Wis. 

Racine Steel Castings Co., 1442 Forest St., 
Racine, Wis. 


Rainier Metal Products Co., 2412 W 71st 
St., Chicago 29, Ill. 
Rand Rubber Co., 397 Sumner Ave., Brooklyn 
16, N. Y. 
Randolph Products Co., 18 12th St., Carl- 
stadt, N. J. 
Rankin Forge Co., 117 Fort Pitt Bivd., Pitts- 
burgh 22, Pa. 
Rasco-Veeder Co., 1600 S Dearborn St., 
Chicago 16, Iil. 
Rathbone Corp., Park St., Palmer, Mass. 
Rathbun Molding Corp., 290 Rochester St., 
Salamanca, N. Y. 
Ravenswood Machine Corp., 3325 N Knox 
Ave., Chicago 41, Iil. 
Raybestos-Manhattan, Inc., 61 Willett St., 
Passaic, N. J. 
Asbestos Textiles Div., Manheim, Pa. 
Plastics Products Div., 61 Willett St., 
Passaic, N. J. 
Reade Mfg. Co., Inc., 135 Hoboken Ave., 
Jersey City 2, N. J. 
Reading Tube Corp., Empire State Bidg., 350 
5th Ave., New York 1, N. Y. 
Red Devil Mfg. Co., 1412 N Ogden Ave., 
Chicago 10, Ill. 
Redmer Sons Co., 9136 W Belmont, Franklin 
Park, Ill. 
Reed Plastics Corp., 116 Gold St., Worcester 
8, Mass. 
Reed & Prince Mfg. Co., 1 Duncan Ave., 
Worcester 1, Mass. 
Rees’ Sons, Hans, 39 Frankfort St., New 
York 38, N. Y. 
Reese Metal Products Corp., 537 Howard 
Ave., Lancaster, Pa. 
Refinery Castings Co., P. 0. Box 5085, Dallas 
22, Tex. 
Reflin Co., 5730 Kearney Villa Rd., San 
Diego 11, Calif. 
Regal Plastic Co., 2800 E 14th St., Kansas 
City 27, Mo. 
Regal Ware, Inc., Kewaskum, Wis. 
Reichhold Chemicals, Inc., RCI Bldg., White 
Plains, N. Y. 
Reily Tar & Chemical Corp., 1615 Merchant 
Bank Bidg., Indianapolis 4, Ind. 
Reinhold Engineering & Plastics Co., 12827 
E Imperial Hwy., Norwalk, Calif. 
Reliable Screw Machine Products, 4433 W 
Rice St., Chicago 51, Il. 
Reliable Spring & Wire Forms Co., 3167 
Fulton Rd., Cleveland 9, Ohio 
Reliance Plastic & Chemical Corp., 110 
Kearney St., Paterson 2, N. J. 
Reliance Steel Casting Co., 2818 Smaliman 
St., Pittsburgh 22, Pa . 
Reliance Varnish Co., 1901 Sheridan Rd., 
North Chicag®, Ill. 
Rem-Cru Titanium, Inc., Midland, Pa. 
(Ad p 136) 
Remler Co., Ltd., 2101 Bryant St., San 
Francisco 10, Calif. 
Ren Plastics, Inc., 5422 S Cedar Rd., Lan- 
sing 17, Mich. 
Replac Corp., 2130 St. Clair Ave., Cleveland 
17, Ohio 
Republic Foil & Metal Mills, Inc., 55 Tri- 
angle St., Danbury, Conn. 
Republic Lead Equipment Co., 7930 Jones 
Rd., Cleveland 5, Ohio 
Republic Metals Co., Inc., 273 Green St., 
Brooklyn 22, N. Y. 
Republic Steel Corp., Republic Bidg., Cleve- 
land 1, Ohio 
Steel & Tubes Div., 224 E 131st St., 
Cleveland 8, Ohio 
Resin Industries, Olive St., Santa Barbara, 
Calif. 
Resinold Engineering Corp., 3445 Howard 
St., Skokie, Ill. 
Resistoflex Corp., Woodland Rd., Roseland, 
N. J. 
Resolite Corp., P. 0. Box 366, Zelienople, Pa. 
Revere Copper & Brass Inc., 230 Park Ave., 
New York 17, N. Y. 
Rex Corp., Hayward Rd., West Acton, Mass. 
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Addresses of Suppliers 


Rex Metal Parts Co., 1295 W 78th St., 
Cleveland 2, Ohio 

Rex Products Co., 1918 E 55th St., Cleve- 
land 3, Ohio 

Reynolds Chemical Products, inc., 
1200 N Main St., Ann Arbor, Mich. 
(Ad p 268) 

Reynolds Mfg. Co., Springfield, Mass. 

Reynolds Metals Co., 2500 S 3rd St., Louis- 

ville, Ky. 

Industrial Parts Div., 2000 S 9th St., 
Louisville 1, Ky. 

Plastics Div., Box 128, Grottoes, Va. 

Rezolin, Inc., 1651 18th St., Santa Monica, 
Calif. 

Rheem Mfg. Co., 7600 S Kedzie Ave., Chi- 
cago 29, Iil. 

Rhoads, J. E. & Sons, 2100 W llth St., 
Wilmington 99, Del. 

Rhode Island Tool Co., 148 W River 
St., Providence 1, R. I. (Ad p 350) 

Richardson Co., 2882 Lake St., Mel- 
rose Park, Ill. (Ad p 190) 

Richmond Mfg. Co., 312 N York St., Houston 
4, Tex. 

Riegel Paper Corp., 260 Madison Ave., New 
York 16, N. Y. 

— Corp., 658 Ohio St., Buffalo 
|, & ¥. 

Rinshed Mason Co., Milford at Epworth, 
Detroit, Mich. 

River Smelting & Refining Co., 4189 Rd., 
Cleveland, Ohio 

Riverside Foundry Co., N Front St., Wrights- 
ville, Pa. 

Riverside Foundry & Galvanizing Co., 508 
Harrison St., Kalamazoo, Mich. 

Riverside Smelting & Refining Co., 4195 
Bradley Rd., Cleveland 1, Ohio 

Roanoke Iron Works, Inc., 605 3rd St. SE, 
Roanoke 10, Va. 

Robertson, H. H. Co., 2400 Farmer Bank 
Bidg., Pittsburgh, Pa. 

Robertson Steel & Iron Co., 72 Elm~St., 
Cincinnati 2, Ohio 

Robot Devices, Inc., Main St., Buchanan, Va. 

Rochester Novelty Works, Inc., 485 Hague 
St., Rochester 6, N. Y. 

Rockford Bolt & Steel Co., 126 Mill St., 
Rockford, Ill. 

Rockwell Mfg. Co., LFM Mfg. Co., Inc., 
Atchison, Kan. 

Rockwell Spring & Axle Co., Bossert 
Div., 1002 Oswego St., Utica 1, 
N. YY. (Ad p 341) 

Roddis Plywood Corp., Marshfield, Wis. 

Rodney Hunt Machine Co., 46 Mill St., 
Orange, Mass. 

Roebling’s Sons, John A. Corp. 640 S. 
Broad St., Trenton 2, N. J. 

Rogers Corp., Rogers, Conn. (Ad pp 
208, 206, 207, 208) 

Rogers, Dayton Mfg. Co., 2824 13th Ave., 
Minneapolis 7, Minn. 

Rogers, V. G. Plastic Molding, 4320 Fox St., 
Denver 16, Colo. 

Rohm & Haas Co., Washington Sq., Phila- 
delphia 5, Pa. 

Roll Formed Products Co., 3752 Oak- 
wood Ave., Youngstown, Ohio (Ad 
Pp 329) 

Roll Furnace Products Co., 3752 Oakwood 
Ave., Youngstown, Ohio 

Rolie Mfg. Co., 3rd & Cannon St., 
Lansdale, Pa. (Ad p 346) 

— Inc., 1282 Kings Hwy., Fairfield, 


Rome Strip Steel Co., Inc., 530 Henry St., 
Rome, N. Y. 

Rome Turney Radiator Co., Rome, N. Y. 

“ee 29 Moore St., Brooklyn 

Rose Iron Works, Inc., 1539 E 43rd St., 
Cleveland 3, Ohio 

Rosedale Foundry & Machine Co., 1731 
Preble Ave., Pittsburgh 33, Pa. 


Ross-Meehan Foundries, 1601 Carter St., 
Chattanooga 1, Tenn. 

Rostone Corp., Lafayette, Ind. 

Roth Rubber Co., 1854 3 54th St., Chicago 
50, Ill. 

Roth Steel Products Co., 1335 E 171st St., 
Cleveland 10, Ohio 

Rotometals, 980 Harrison St., San Francisco 
7, Calif. 

Rowland Products, Inc., Fairview Lane, Ken- 
sington, Conn. 

Rubber & Asbestos Corp., 225 Belleville Ave., 
Bloomfield, N. J. 

Rubber Corp. of America, New South Rd., 
Hicksville, N. Y. 

Ruberoid Co., Vermont Asbestos Mines Div., 
500 5th Ave., New York 36, N. Y. 

Rupert Diecasting Co., 1658 Cleveland Ave., 
Kansas City 27, Mo. 

Russel, Burdsall & Ward Bolt & Nut Co., 
Port Chester, N. Y. 

Russel Reinforced Plastics Corp., 521 W 
Hoffman Ave., Lindenhurst, N. Y. 

Rust-Oleum Corp., 2425 Oakton St., Evans- 
town, Ill. 

Rutenber Electric Co., 201 E Charles St., 
Marion, Ind. 

Ryerson, Joseph T. & Son Inc., 2558 W 
16th St., Chicago 8, Ill. 


Ss 


St. Joseph Lead Co., 250 Park Ave., New 
York 17, N. Y. 

St. Louis Diecasting Corp., 4528 Oleatha 
Ave., St. Louis 16, Mo. 

St. Louis Malleable Casting Co., St. Louis 
15, Mo. 

St. Louis Stee! Casting Inc., 100 Mott St., 
St. Louis 11, Mo. 

St. Marys Carbon Co., State St., St. Marys, 
Pa. 

St. Marys Foundry Co., 405-409 E South 
St., St. Marys, Ohio 

St. Pierre Chain Corp., 50 Frank St., Wor- 
cester 4, Mass. 

St. Regis Paper Co., Panelyte Div., 230 Park 
Ave., New York 17, N. Y. 

Salem Tool Co., 767 S Ellsworth Ave., 
Salem, Ohio 

Sall Bros. Co., 2300 Kishwaukee St., Rock- 
ford, Ill. 

Sall, George Metals Co.,, 2302 E Butler 
St., Philadelphia 37, Pa. 

Sandusky Foundry & Machine Co., W 
Market St., Sandusky, Ohio (Ad p 
322) 

Sandvik Steel, Inc., 1702 Nevins Rd., 
Fair Lawn, N. J. (Ad p 67) 

Sandy Hill Iron & Brass Works, 27 Allen 
St., Hudson Falls, N. Y. 

Sargent & Greenleaf, Inc., 24 Seneca Ave., 
Rochester 21, N. Y. 

Sauereisen Cements Co., 1045 N Canal St., 
Pittsburgh 15, Pa. 

Saxonburg Ceramics, Saxonburg, Pa. 

Scaife Co., 126 Ann St., Oakmont, Pa. 

Schachner Leather & Belting Co., 1123 S 
Mint St., Charlotte 1, N. C. 

Schenectady Varnish Co., Inc., Schenectady 
Resins Div., Congress St. & 9th Ave., 
Schenectady 3, N. Y. 

Schilling Bronze Co., 202-216 E North St., 
Rome, N. Y. 

Schmeller Aluminum Foundry Co., 3300 E 
87th St., Cleveland 27, Ohio 

Schneider Bowman Co., Inc., 1612 Van Dyke 
St., Philadelphia 24, Pa. 

Schumann, I. & Co., 4391 Bradley Rd., 
P. 0. Box 2219, Cleveland 9, Ohio 

Schwab Plastics Corp., 730 S Dix St., De- 
troit 17, Mich. 
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Schwartz Chemical Co., Inc., 326 W 70th 
St., New York 23, N. Y. 
Schwarzkopf Development Corp., 595 Madi 
son Ave., New York 22, N. Y. 
Scott Chemical Corp., 241 W Jefferson, Los 
Angeles 7, Calif. 
Scottdale Ozone Co., Crescent St., Scottdale 
Pa. 
Scovill Mfg. Co., Waterbury 20, Conn. 
(Ad pp 137, 138) 
Scullin Steel Co., 6700 Manchester Ave 
St. Louis 10, Mo. 
Seaboard Refractories Co., Seamul Products 
Perth Amboy, N. J. 
Sealview Plastics, Inc., 1010 Ford St.. West 
Conshohocken, Pa. 
Sealube Co., Wakefield, Mass. 
Seaman Products, 120 W Providencia Ave 
Burbank, Calif. 
Seamless Rubber Co., 464 Congress Ave 
New Haven 3, Conn. 
Seaporcel Metals, Inc., 28020 Borden Ave 
Long Island City 1, N. Y. 
Searjeant Metal Products, Inc., Mendon- 
Pittsford Rd., Mendon, N. J. 
Seasholts, J. M. & Sons, Inc., Front & 
Spruce Sts., Reading, Pa. 
Seattle Boiler Works, Inc., 5237 E Marginal 
Way, Seattle, Wash. 
Seattle Tent & Awning Co., 310 Westlake 
N, Seattle 9, Wash. 
Seiberling Rubber Co., Plastics Div., New- 
comerstown, Ohio 
Selma Foundry & Machine Co., P. 0. Box 
662, Selma, Ala. 
Sel-Rex Corp., 75 River Rd., Nutley 10, 
N. J. 
Seltzer, George H. & Co., Ridley & B & 0 
R. R., P. 0. Box 66, Folsom, Pa. 
Semon Bache & Co., 636 Greenwich St., 
New York 14, N. Y. 
Seneca Wire & Mfg. Co., Fostoria, Ohio 
Serrick Corp., Defiance, Ohio 
Acme Machine Products Div., 1300 
Batavia, Muncie, Ind. 
Defiance Screw Machine Products Div 
731-33 Perry, Defiance, Ohio 
Service Steel Co., 1435 Franklin St., Detroit 
7, Mich. 

Serwell Products Co., 6541 Euclid Ave 
Cleveland 3, Ohio 

Sewell Mfg. Co., 1019 E 10 Mile Rd., Hazel 
Park, Mich. 

Seymour Mfg. Co., 21 Franklin St., 
Seymour, Conn. (Ad pp 122, 123) 

Shamban, W. S. & Co., Meyer Rd., Box 
176, Fort Wayne, Ind. 

Shank Metal Products Co., 347 Madison 
Ave., New York 17, N. Y. 

Sharon Steel Corp., Sharon, Pa. 

Sharpsville Steel Fabricators, Inc., 6th & 
Main Sts., Sharpsville, Pa. 

Shaw Insulator Co., 160 Coit St., Irvington 
11, N. J. 

Shawinigan Resins Corp., Springfield 2, Mass. 

Shaw-Kendall Engineering Co., 120 N Su- 
perior St., Toledo 3, Ohio 

Sheet Metal Mfg. Co., 6400 Southern Bivd., 
Youngstown 20, Ohio 

Sheffield Bronze Paint Corp., 17814 Waterloo 
Rd., Cleveland 19, Ohio 

Sheffield Foundry Co,. 2070 N Clybourn St., 
Chicago 14, Ill. 

Shelby Instrument Co., 1701 Magnolia Ave., 
Long Beach, Calif. 

Shelby Mfg. Co., E Russel Rd., Sidney, Ohio 

Shell Chemical Corp., 50 W 50th St., New 
York, N. Y. 

Sheller Mfg. Corp., Dryden Rubber Div., 
1014 S Kildare Ave., Chicago 24, Ill. 
Shenango Furnace Co., Centrifugally Cast 
Products Div., W 3rd St., Dover, Ohio 
Sherman & Reilly, Inc., lst & Broad Sts., 

Chattanooga, Tenn. 








Sherwin Williams Co., 101 Prospect Ave. 
NW, Cleveland 1, Ohio 
Pigment, Color & Chemical Div., 260 
Madison Ave., New York 16, N. Y. 
Shieldalloy Corp., West Blid., New Field, 
N. J. 
Shingle Leather Co., 1300 Walnut St., Cam- 
den 3, N. J. 
Shoe Form Co., Aureline Ave., Auburn, N. Y. 
Shriver, T. & Co., Inc., 850 Hamilton St., 
Harrison, N. J. 
Shull Bros. Glass Co., 509 N 6th St., Mill- 
ville, N. J. 
Sibley Machine & Foundry Corp., 206 E Tutt 
St., South Bend 23, Ind. 
Siems Bros., Inc., Trussbilt Div., 2575 Como 
Ave. W, St. Paul 8, Minn. 
Sierra Electric Corp., 15100 S Figueroa St., 
Gardena, Calif. 
Sillcocks Miller Co., 10 W Parker Ave., 
Maplewood, N. J. 
Simon Products Co., 3211 W Grand St., 
Chicago 51, Ill. 
Simonds Saw & Steel Co., 470 Main St., 
Fitchburg, Mass. 
Simonsen Metal Products Co., 4444 W Chi- 
cago St., Chicago 51, Ill. 
Sinclair Co., 60 Appleton St., Holyoke, Mass. 
Sinko Mfg. & Tool Co., 7310 W Wilson 
Ave., Chicago 31, Ill. 
Sintercast Corp. of America, 134 Woodworth 
Ave., Yonkers 2, N. Y. 
Sintered Metals, Inc., 3400 Washington St., 
Boston 30, Mass. 
Sioux City Foundry & Boiler Co., E 8th & 
Division Sts., Sioux City 2, Iowa 
Sipi Metals Corp., 1720 N Elston Ave., 
Chicago 22, Ill. 
Sivyer Steel Casting Co., 43rd & Mitchell 
Ave., Milwaukee 14, Wis. 
Skookum Co., Inc., 8504 N Crawford St., 
Portland 3, Ore. 
Skyline Industries, Titusville 1, Pa. 
Small Tube Products, Inc., Main St., Water- 
bury, Conn. 
Smith, A. 0. Corp., 3533 N 27th St., Mil- 
waukee 1, Wis. 
Smith & Winchester Mfg. Co., Seuth Wind- 
ham, Conn. 
Smith-Moon Steel Co., 9th & Millington, 
Winnfield, Kan. 
Smith-Victor Corp., Griffith, Ind. 
Smoot-Holman Co., P. 0. Box 4097, Ingle- 
wood, Calif. 
Snyder Mfg. Co., Inc., 1458 5th St. NW, 
New Philadelphia, Ohio 
Snyder, M. L. & Son, Inc., 1856 E Boston 
Ave., Philadelphia 25, Pa. 
Somers Brass Co., Inc., 94 Baldwin 
Ave., Westbury, Conn. (Ad p 130) 
Somerset Foundry & Machine Co., 809-831 
S Edgewood Ave., Somerset, Pa. 

Sonith Industries, Inc., Indianapolis, Ind. 

Sonken-Galamba Corp., 2nd & Riverview, 
Kansas City 18, Mo. 

South River Metal Products Co., Inc., 377 
Turnpike, South River, N. J. 

Southern Belting Co., P. 0. Box 4296, 
Atlanta 2, Ga. 

Southern Car & Mfg. Co., Inc., 1831 29th 
Ave. N, Birmingham, Ala. 

Southern Extrusions Co., N Washington St., 
Magnolia, Ark. 

Southern Galvanizing Co., 1620 Bush St., 
Baltimore 30, Md. 

Southern Plastics Co., 408 Pendleton St., 
Columbia, S. C. 

Southwestern Plastic Pipe Co., P. 0. Box 
117, Mineral Wells, Tex. 

Southwestern Porcelain Steel Corp., P. 0. 
Box 607, Sand Springs, Okla. 

Sparta Mfg. Co., Box 66, Dover, Ohio 
(Ad p 328) 

Spaulding Fibre Co., Inc., 310 Wheel- 


er St., Tomawanda, N. Y. (Ad p 
212) 





Special Leathers Co., 1920 E Venango St., 
Philadelphia 34, Pa. 

Special Screw Products Co., 5445 Dunham 
Rd., Bedford, Ohio 

Specialty Resins Co., Polyester Div., 2801 
Lynwood Rd., Lynwood, Calif. 

Speer Carbon Co., St. Marys, Pa. 

Spencer Chemical Co., Dwight Bidg., Kansas 
City 5, Mo. 

Spencer’s Sons, I. S. Inc., 20 Fair St., Guil- 
ford, Conn. 

Spincraft, Inc., 4122 W State St., Mil- 
waukee 8, Wis. 

Spiral-Glas Pipe Co., 47 Bayard St., New 
Brunswick, N. J. 

Spraylat Corp., 1 Park Ave., New 
York 16, N. Y. (Ad p 279) 

Spring City Foundry Co., Hall & Main Sts., 
Spring City, Pa. 

Spring Packing Corp., 332 S Michigan Ave., 
Chicago 4, Ill. 

Springer’s Foundry Co., Inc., 201 S 1st St., 
Terre Haute, Ind. 

Springfield Foundry Co., 295 Pasco Rd., 
Indian Orchard, Mass. 

Spruce Pine Mica Co., Inc., P. 0. Box 456, 
Spruce Pine, N. C. 

Spuck Iron & Foundry Co., 3145 N 14th 
St., St. Louis, Mo. 

Square D Co., Molded Insulation Div., 311 
N Tippecanoe St., Peru, Ind. 

Stackpole Carbon Co., Stackpole St., St. 
Marys, Pa. 

Stacy Mfg. Co., Township Ave. & Big Four 
R. R., Cincinnati 16, Ohio 

Stainless Foundry & Engineering, Inc., 5132 
N 35th St., Milwaukee 9, Wis. 

Stainless Metals, Inc., 19-42 42nd St., 
Long Island City, N. Y. 

Stalwart Rubber Co., 160 Northfield Rd., 
Bedford, Ohio 

Stamford Metal Specialty Co., Inc., 429 W 
Broadway, New York 12, N. Y. 

Stamford Rolling Mills Co., Inc., Springdale, 
Conn. 

Standard Asbestos Mfg. Co., 860 W Ever- 
green Ave., Chicago 22, Ill. 

Standard Casting Corp., 4400 W Cermack 
Rd., Chicago 23, Iil. 

Standard Forge & Axle Co., Inc., P. 0. Box 
309, Montgomery 1, Ala. 

Standard Foundry Co., Worcester, Mass. 

Standard Foundry Co., 1600 Kewanee St., 
Racine, Wis. 

Standard Insulation Co., 74 Paterson Ave., 
East Rutherford, N. J 

Standard Magnesium Corp., 7500 E 41st St., 
Tulsa, Okla. 

Standard Molding Corp., P. 0. Box 188, 
Station A, Dayton 3, Ohio 

Standard Nut & Bolt Co., Abbott St., Valley 
Falls, R. 1. 

Standard Products Co., 316 Fisher Bidg., 
Detroit, Mich. 

Standard Screw Products Co., 506 S Palm 
Ave., Alhambra, Calif. 

Standard Stamping & Perforating Co., 
3129 W 49th PI., Chicago 32, 
Wl. (Ad p 3350) 

Standard Steel Sections, Inc., 608 E 133rd 
St., New York, N. Y. 

Standard Tube Co., 24400 Plymouth Rd., 
Detroit 29, Mich. 

Standard Washer & Mat Inc., 155 Adams 
St., Manchester, Conn. 

Stanley Chemical Co., Berlin St., East Ber- 
lin, Conn. 

Stanwood Corp., 4819 Cortland, Chicago 39, 
Ill. 

Star Porcelain Co., Muirhead Ave., Trenton 
9, N. J. 

Star Stamping Co., 1303 M-139, Benton 
Harbor, Mich. 

Staver Co., Inc., 41-51 N Saxon Ave., Bay 
Shore, L. L., N. Y. 


Stearns-Roger Mfg. Co., 660 Bannock St., 
Denver, Colo. 

Steel Heddle Mfg. Co., 2100 W Allegheny 
Ave., Philadelphia 32, Pa. 

Steel Improvemeut & Forge Co., 970 


E 64th St., Cleveland, Ohio (Ad p 
333) 


Steel Industries, Inc., 907 Louise Ave., 
Crawfordsville, Ind. 

Steel Protection & Chemical Co., Inc., Bridge 
St., Mooresville, Ind. 

Steel Shot Producers, Inc., Etna St., P. 0. 
Box 67, Butler, Pa. 

Steel, R. & Sons, Inc, 42-21 9th St, 
Long Island City 1, N. Y. 

Steelcote Mfg. Co., 3418 Gratiot, St. Louls 
3, Mo. 

Stenman, Bror F., West St., Auburn, Mass. 

Sterling Aluminum Products, Inc., 2600 N 
3rd St., St. Charles, Mo. 

Sterling Brass Foundry, Inc., 1640 Sterling 
Ave., Elkhart, Ind. 

Sterling Die Casting Co., 743 39th St, 
Brooklyn 32, N. Y. 

Sterling Foundry Co., 8 Wallace St., Ster- 
ling, Ill. 

Sterling Steel Casting Co., 2500 Monsanto 
Ave., Monsanto, Iil. 

Sterrit-Thomas Foundry Co., 32nd & Small- 
man St., Pittsburgh 1, Pa. 

Stevens, A. T. Co., 118 E 28th St., New 
York 16, N. Y. 

Steward, D. M. Mfg. Co., E 36th St., Chat- 
tanooga, Tenn. 

Stillman White Foundry Co., 51 Mill St., 
Providence, R. I. 

Stimpson, Edwin B. Co., Inc., 70 Franklin 
Ave., Brooklyn 5, N. Y. 

Stirrup Metal Products Corp., 215 Emmet 
St., Newark 5, N. J. 

Stockwell Rubber Co., Inc., 1117 Shacka- 
maxon St., Philadelphia 25, Pa. 

Stone Paper Tube Co., Stonized Products 
Div., 900-902 Franklin St. NE, Wash- 
ington 17, D. C. 

Stover Steel Tank & Mfg. Co., 100 S Han- 
cock St., Freeport, Ill. 

Stranahan Foil Co., Inc., 100 Wesley St., 
South Hackensack, N. J. 

Strick Plastics Co., Perkasie, Pa. 

Strong Stee! Foundry Co., 33 Norris St., 
Buffalo 7, N. Y. 

Struthers Wells Corp., Process Equipment 
Div., Warren, Pa. 

Stuart Foundry Co., 138 S Junction St., 
Detroit, Mich. 

Stulz-Sickles Co., Port Ave. & Julia St., 
Elizabeth, N. J. 

Subox, Inc., *Fairmount Plant, Hackensack, 
N. J. 

Sun Chemical Corp., 10th St. & 44th Ave., 
Long Island City 1, N. Y. 

Sun Rubber Co., 366 Fairview Ave., Barber- 
ton, Ohio _ 

Sun Tube Corp., 181 Long Ave., Hillside, 
N. J. . 

Sunlite Plastics, Inc., 1512 W Pierce St., 
Milwaukee, Wis. 

Superb Light Alloys Inc., Box 270, Allan 
Bivd., Farmingdale, N. Y. 

Superior Bearing Bronze Co., 139 Banker 
St., Brooklyn, N. Y. 

Superior Carbon Products, Inc., 9115 
George Ave., Cleveland 5, Ohio (Ad 
p 344) 

Superior Die Casting Co., 1001 London Rd., 
Cleveland 10, Ohio 

Superior Drawn Steel Co., 1585 Beaver Ave., 
Monaca, Pa. 

Superior Industries, Inc., 3786 Oakwood Ave., 
Youngstown 9, Ohio 

Superior Paint & Lacquer Works, 6231 
Maywood Ave., Huntington Park, Calif. 

Superior Plating Inc., 1064 10th Ave. SE, 
Minneapolis, Minn. 

Superior Steatite & Ceramic Corp., 83-91 
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Addresses of Suppliers 


W Forest Ave., Englewood, N. J. 
Superior Steel Corp., Carnegie, Pa. 
Superior Steel & Malleable Castings Co., 
Benton Harbor, Mich. 
Superior Tube Co., P. 0. Box 191, 
Norristown, Pa. (Ad p 318) 
Supreme Industrial Products Co., 367 N 
Karlov Ave., Chicago 24, Iil. 
Surprenant Mfg. Co., 199 Washington St., 
Boston 8, Mass. 
Swedish Crucible Steel Co., 8801 Conant 
Ave., Detroit 11, Mich. 
Sweet’s Steel Co., 6666 Sweet St., Williams- 
port, Pa. 
— Tube Corp., 1 Clifton Bivd., Clifton, 
. J. 
Swett, A. L. Iron Works, 172 Glenwood Ave., 
Medina, N. Y. 
Sylvan Plastics Inc., 1617 Pennsylvania Ave., 
Philadelphia 3, Pa. 
Sylvania-Corning Nuclear Corp., P. 0. Box 59, 
Bayside, N. Y. 
Sylvania Electric Products, Inc., 1740 Broad- 
way, New York 19, N.Y. 
Parts Div., Warren, Pa. 
— & Commercial Div., Towanda, 
a. 
Symington-Gould Corp., Depew, N. Y. 
Synco Resins, Inc., Henry St., Bethel, Conn. 


Synthane Corp., River Rd., Oaks, Pa. 
(Ad p 200) 


t 


Taylor & Boggis Foundry, 1290 E 53rd St., 
Cleveland, Ohio 

Taylor & Co., Inc., 680 Morgan Ave., Brook- 
lyn 22, N. Y. 

Taylor Fibre Co., Norristown, Pa. 

Teal Co., 71 Wheeler St., New Haven, Conn. 

Technical Specialties Co., 415 Concord Ave., 
New York 55, N. Y. 

Tect, Inc., 59 Cortland Ave., Dumont, N. J. 

Teiner, Roland Co., Inc., 134 Tremont 
St., Everett 49, Mass. (Ad p 352) 

Temco, Inc., 4101 Charlotte Ave., Nashville 
9, Tenn. 

Tempil Corp., 132 W 22nd St., New York 
1l, N. Y. 

Tennessee Stove Works, 14th & Belt R. R., 
Chattanooga 1, Tenn. 

Terre Haute Bronze & Brass Foundry, 1114 
Sycamore St., Terre Haute, Ind. 

Terre Haute Malleable & Mfg. Corp., 2030 
N 19th St., Terre Haute, Ind. 

Texas Aluminum Co., 1218 Mercantile 
Securities Bidg., Dallas, Tex. 

Texas Foundries, Inc., P. 0. Box 180, Lufkin, 
Tex. 

Texas Glass Fiber Corp., 147 Island Grove 
Rd., Grandview, Tex. 

Texas Plastic Development Corp., 2120 Post 
Oak Rd., Houston, Tex. 

Texas Steel Co., 3901 Hemphill St., Ft. 
Worth 9, Tex. 

Texas U.S. Chemical Co., Port Neches, 
Tex. (Ad pp 158, 189) 

= Inc., 3305 Manor Way, Dallas 35, 
ex. 

Textile Shield Co., 1 Groton St., Lawrence, 
Mass. 

Textron Inc., Campbell, Wyant & Cannon 
Foundry Div., Henry St., Muskegon, Mich. 

= 765 S Harvard Blvd., Los Angeles, 

lif. 

Thermafiow Chemical Corp., Box 155, Tunk- 
hannock, Pa. 

Thermal Refractories Corp., 4301 Dell Ave., 
North Bergen, N. J. 

Thermo Materials, Inc., 4040 Campbell Ave., 
Menlo Park, Calif. 

Thinsheet Metals Co., 271-TR Railroad Hill 

St., Waterbury 20, Conn. 


Thiokol Chemical Corp., 780 N Clinton Ave., 
Trenton 7, N. J. 

Thombert, Inc., 316 E 7th St. N, Newton, 
Iowa 

Thompson & Co., 1085 Allegheny Ave., 
Oakmont, Pa. 

Thompson, H. I. Fiber Glass Co., 1733 
Cordova St., Los Angeles 7, Calif. 
(Ad p 244) 

Thompson Industries, Inc., Manhasset, N. Y. 

Thompson, K. W. Tool Co., 20 Denton Ave., 
New Hyde Park, L. I., N. Y. 

Thompson Pipe & Steel Co., 30th & Larimer 
Sts., Denver 1, Colo. 

Thompson Products, Inc., Hydraulic 
Products Div., 2196 Clarkwood Rd., 
Cleveland 3, Ohio (Ad p 354) 

Thompson Wire Co., 41 Mildred Ave., Boston 
26, Mass. 

Tickle, Arthur Engineering Works, Inc., 21 
Delevan St., Brooklyn 31, N. Y. 

Tiffin Enterprise, Inc., 458 2nd Ave., Tiffin, 
Ohio 

Timber Products Co., P. 0. Box 1032, Med- 
ford, Ore. 

Timken Roller Bearing Co., 1835 Dueber 
Ave. SW, Canton 6, Ohio 

Titan Metal Mfg. Co., Bellefonte, Pa. 

Titanium Metals Corp. of America, 233 
Broadway, New York 7, N. Y. 

Titchner, E. H. & Co., 67 Clinton St., 
Binghamton, N. Y. 

Toepfer & Sons, Inc., 2925 W Hope Ave., 
Milwaukee 16, Wis. 

Toledo Industrial Rubber Co., 2242 Smead 
Ave., Toledo 6, Ohio 

Toledo Stamping & Mfg. Co., 99 Fearing 
Bivd., Toledo 7, Ohio 

Tool & Mfg. Co., Inc., P. 0. Box 10344, 
Pittsburgh 34, Pa. 

Topeka Foundry & Iron Works Co., Inc., 
300-324 Jackson St., Topeka, Kan. 

Torngren, C. W. Co., Inc., 236 Pearl St., 
Somerville 45, Mass. 

Torrington Co., 59 Field St., Torrington, 
Conn. 

Tousey Varnish Co., 520 W 25th St., Chicago 
16, Ill. 

Tower Grove Foundry, 4438 Hunt Ave., St. 
Louis 10, Mo. 

Trane Co., 206 Cameron Ave., LaCrosse, Wis. 

Transue-Williams, Ely St., Alliance, Ohio 

Trent Tube Co., East Troy, Wis. 

Trenton Brass Co., 621 Prospect St., Tren- 
ton, N. J. 

Triangle Conduit & Cable Co., Inc., 6900 
Jersey Ave., New Brunswick, N. J. 

Triangle Stamping Co., 5101 Carnegie Ave., 
Cleveland 3, Ohio 

Trim Alloys, Inc., 30-40 W 3rd St., Boston 
27, Mass. 

Tri-Point Mfg. & Developing Co., 171 
il. U. Willets Rd., Alberton, L. I., 
N. ¥. (Ad p 358) 

Trojan Steel Co., 1414 McCookle Ave. SW, 
Charleston, W. Va. 

Troy Blanket Mills, 200 Madison Ave., New 
York, N. Y. 

Truche Leather Co., Peabody, Mass. 

True Alloys, Inc., 284 S. Summit St., 
Detroit 9, Mich. 

Tube Methods, Inc., Depot & Rambo Sts., 
Bridgeport, Pa. 

Tube Reducing Corp., 520 Main Ave., Walling- 
ton, N. J. 

Tube Turns Plastics, Inc., 2929 Magazine St., 
Louisville 11, Ky. 

Tubular Rivet & Stud Co., Weston Ave., 
Wollaston 70, Mass. 

Turco Products, Inc., 6135 S Central Ave., 
Los Angeles 1, Calif. 

Turner & Seymour Mfg. Co., Lawton St., 
Torrington, Conn. 

Tyler, W. S. Co., 3615 Superior Ave., Cleve- 
land 14, Ohio 
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U B S Chemical Corp., 491 Main St. 
Cambridge 42, Mass. 

Udylite Corp., 1651 E Grand Blvd., Detroit 
11, Mich. 

Uniform Tubes, Inc., 
Collegeville 2, Pa. 

Union Carbide Corp., 30 E 42nd St.. New 

York 17, N. Y. 

Bakelite Co., 420 = Lexington 
Ave., New York 17, N. Y. (Ad 
p 201) 

Electro Metallurgical Co., 30 E 42nd 
St., New York 17, N. Y. 

Haynes Stellite Co., 725 S Lindsay St., 
Kokomo, Ind. 

Linde Air Products Co., 30 E. 
42nd St., New York 17, N. Y. 
(Ad p 427) 

National Carbon Co. Div., 30 E 42nd 

St., New York 17, N. Y. 

Silicones Div. 30 E 42nd St., New 
York 17, N. Y. 

Union Chemical Corp., 410 Frelinghuysen 
Ave., Newark 5, N. J. 

Union Forging Co., 500 North St., Endicott, 
mm Fs 

Union Iron Works, P. 0. Box 2135, Spokane, 
Wash. 

Union Screw & Mfg. Co., Box 25, Imperial, 
Pa, 

Union Spring & Mfg. Co., 2nd Ave. & 8th 
St., New Kensington, Pa. 

Union Steel Corp., Ashwood Terrace, Union 
N. J. 

Union Tank Car Co., 228 N La Salle, Chi- 
cago, Ill. 

Unitcast Corp., Box 8, Station E, To- 
ledo 9, Ohio (Ad p 328) 

United Carbon Products Co., 1310 N Madi- 
son St., Bay City, Mich. 

United Cork Companies, 15 Central Ave., 
Kearney, N. J. 

United Forge Co., 277 Dubois St., Detroit 
7, Mich. 

United International Research, Inc., 38-15 
30th St., Long Island City 1, N. Y. 

United Metal Products Corp., 8101 Lyndon 
St., Detroit 38, Mich. 

United Plastic Industries, Inc., 1300 Water 
St., Vassar 3, Mich. 

United Rubber & Chemical Co., P. 0. Box 
1913, Charleston 27, W. Va. 

United Sintered Alloys, St. James, L. I., 
N. Y. 

United Smelting & Aluminum Co., Inc., 187 
Commerce St., New Haven 9, Conn. 
U.S. Bronze Powder Works, Inc., Route 202, 

Flemington, N. J. 

U.S. Ceramic Tile Co., Sparta Mfg. Co. 
Div., Box 66, Dover, Ohio (Ad p 
328) 

U.S. Challenge & Challenge Co., 1441 N 
Kingsburg St., Chicago 22, Ill. 

U.S. Expansion Bolt Co., York, Pa. 

U.S. Extrusions Corp., 120 Old Broadway, 
Garden City Park, L. I., N. Y. 

U.S. Gasket & Shim Co., 2743 2nd St., 
Cuyahoga Falls, Ohio 

U.S. Gypsum Corp., 300 W Adams St., Chi- 
cago 6, Iil. 

U.S. Magnesium Co., Pleasant Valley, N. Y. 

U.S. Metal Products Co., P. 0. Box 1067, 
Erie, Pa. 

U.S. Mica Co., Inc., 1525 Circle Ave., Forest 
Park, Ill. 

U.S. Pipe & Foundry Co., 3300 ist Ave. N, 
Birmingham 3, Ala. 

U.S. Plywood Corp., 55 W 44th St., New 
York 36, N. Y. 

U.S. Polymeric Chemicals Inc., Canal & 
Ludiow Sts., Stamford, Conn. 

U.S. Porcelain Enamel Co., 4731 E 52nd Dr., 
Los Angeles 22, Calif. 

U.S. Reduction Co., Chicago Ave. & Melville 
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St., East Chicago, Ind. 
U.S. Rubber Co., 1230 Ave. of the Americas, 
New York 20, N. Y. 


Mechanical Goods Div., 4300 New 
Haven Ave., Ft. Wayne, Ind. 
Naugatuck Chemical Div., Elm St., 
Naugatuck, Conn. 
Royalite Div., 2638 N Pulaski Rd., 
Chicago 39, Ill. (Ad p 219) 
U.S. Smelting, Refining & Mining Co., 57 
William St., New York 5, N. Y. 
U.S. Steel Corp., 525 William Penn 


Pl., Pittsburgh 30, Pa. (Ad pp 
69, 70( 71, 72) 
American Steel & Wire Div., Cleve- 


land, Ohio 
Irvin Works, Dravosburg, Pa. 
National Tube Div., 525 William Penn 
PI., Pittsburgh 30, Pa. 
U.S. Stoneware Co., 60 E 42nd St., New 
York 17, N. Y. 
Alite Div., P. 0. Box 119, Orrville, Ohio 
U.S. Valve & Mfg. Co., 256 E Grand Ave., 
South San Francisco, Calif. 
United Wire & Supply Corp., 1497 Elmwood 
Ave., Providence 7, R. I. 
Unity Machine & Tool Corp., 2727 E West- 
moreland St., Philadelphia 34, Pa. 
Universal Castings Corp., 5821 W 66th St., 
Chicago 38, Ill. 
University of Tennessee, Dept. of Chemistry, 
University Station, Knoxville, Tenn. 
Urrite Plastics Fabricators, 4740-2 S Durfee 
Rd., Pico, Calif. 
Utica General Jobbing Foundry, Inc., 1801 
Foundry St., Utica 3, N. Y. 
Utica Radiator Corp., Dwyer Ave., 
N. Y. 
Utility Mfg. Co., 2443 Boston Rd., North 
Wilbraham, Mass. 


Vv 


Valley Iron Works, Inc., 81 E Water St., 
St. Paul 7, Minn. 

Valley Steel Casting Co., 11th St., Bay City, 
Mich. 

Valley-National Corp., 
Conn. 

Vanadium Corp. of America, 420 Lexington 
Ave., New York 17, N. Y. 

Vanadium-Alloys Steel Co., Latrobe, Pa. 


Utica, 


Clark St., Milldale, 


Van Der Horst Corp., Olean, N. Y. 
(Ad p 271) 

Vandersee Corp., 1414 Chestnut Ave., Hill- 
side, N. J. 


Vanguard Paints & Finishes, Inc., State St., 
Marietta, Ohio 
Van Huffel Tube Corp., Larchmont Ave. 
NE, Warren, Ohio (Ad p 340) 
Van Valkenburg, L. A. Co., Box 190, Holy- 
oke, Mass. 
Varcum Chemical Corp., Packard Rd., Niagara 
Falls, N. Y. 
Veeder-Root Inc., 70 Sargent St., 
ford 2, Conn. 
Veremere, E. A., Inc., 11623 S Broadway, 
Los Angeles 61, Calif. 
Victor Steel Products Corp., 1175 Leggett 
Ave., New York 59, N. Y. 
Victory Plastics Co., 81 Apsley St., Hudson, 
Mass. 
Viking Copper Tube Co., 16716 St. Clair 
Ave., Cleveland, Ohio 
Viplax Products Corp., 408 E Warren St., 
Beverly, N. J. 
Visking Corp., 65th & Oak Park Ave., Chi- 
cago, Ill. 
Fabrics Div., 1313 E 8th St., North 
Little Rock, Ark. 
Plastics Div., P. 0. Box 1410, Terre 
Haute, Ind. 


Hart- 


Bold face indicates supplier advertises in this Issue 


Vitreous Steel Products Co., P. 0. Box 3991, 
Cleveland 20, Ohio 

Vogt Mfg. Corp., 100 Fernwood Ave., Roch- 
ester, N. Y. 

Volco Brass & Copper Co., Childs Rd., Bask- 
ing Ridge, N. J. 

Volsonite Enterprises, Ltd., P. 0. Box 628, 
Pasadena 19, Calif. 

Vulcan Foundry Co., Oakland, Calif. 

Vulcan Iron Works, 730 S Main St., Wilkes- 
barre, Pa. 

Vulcan Mfg. Co., 120 Sycamore St., Cin- 
cinnati 2, Ohio 

Vulcan Metal Products Inc., 2801 6th Ave. 
S, Birmingham, Ala. 

Vulcan Rail & Construction Co., 59-30 54th 
St., Maspeth, N. Y. 

Vulcan Varnish Co., 1112 Main St. W, Louis- 
ville 3, Ky. 

Vulcanized Rubber & Plastics Co., 5 S Penn- 
sylvania Ave., Morrisville, Pa. 


w 


W. F. Mfg. Co., 1509 Gardena Ave., Glendale 
4, Calif. 

WLS Stamping Co., 3292 E 80th St., Cleve- 
land 4, Ohio 

Wabash Metal Products Co., 1568 Morris St. 
Wabash, Ind. 

Wabash Screen Door Co., 2222 Elm St. SE, 
Minneapolis 14, Minn. 

Wagner, E. R. Mfg. Co., 4611 N 32nd St., 
Milwaukee 9, Wis. 

Wagner Plastic Corp., 6500 Hudson Bivd., 
West New York, N. J. 

Wagner Specialty Co., 647 Dodge St., Bur- 
lington, Wis. 

Wakefield Bearing Corp., 35 Foundry St., 
Wakefield, Mass. 

Walker Forge, Inc., 2000 17th St., Racine, 
Wis. 

Wall Colmonoy Corp., 19345 John R St., 
Detroit 3, Mich. 

Wall Mar Corp., 2800 Bernice Rd., Lansing, 
il. 

Wall, P. Mfg. Co., Erie St., Grove City, Pa 

Wallingford Steel Co., 80 Valley St., Wall- 
ingford, Conn. 

Walsen Consolidated Mercantile Co, 2 
Broadway, New York 4, N. Y. 

Walsh Refractories Corp, 101 Ferry St., 
St. Louis 7, Mo. 

Waltham Foundry Co., 71 Felton St., Wal- 
tham 54, Mass. 

Ward, H. H., 4th & Engle Sts., Chester, Pa. 

Warren Belting Co., 33 Arctic St., Worcester 
8, Mass. 

Warren Bros. Roads Co., 
Cambridge 42, Mass. 
Washburn Wire Co., Phillipsdale Div., Bourne 

Ave., Phillipsdale, R. I. 

Washington Iron Works, 1500 6th Ave. S, 
Seattle 4, Wash. 

Washington Steel Corp., 1001 Berger Blidg., 
Washington, Pa. 

Waterbury Buckle Co. 952 S Main St., 
Waterbury 20, Conn. 

Waterbury Companies, iInc., 835 §S 
Main St., Waterbury 20, Conn. (Ad 
p 326) 

Waterbury Rolling Mills, Inc., E Au- 
rora St., Waterbury 20, Conn. (Ad 
p 116) 

Waterman Industries, Inc. 515 S G St., 
Exeter, Calif. 

Watertown Mfg. Co., Echo Lake Rd., Water- 
town, Conn. 

Watson Standard Co., Industrial Safety 
Products Div., 225 Galveston Ave., Phila- 
delphia, Pa. 


32 Potter St., 


Waukesha Foundry Co., Lincoln Ave., Wau- 
kesha, Wis. 

Wayne Agricultural Works, Inc., Goldsboro, 
N. C. 

Wayne Foundry & Stamping Co., 3100 Hub- 
bard St., Detroit 10, Mich. 

Weber-Knapp Co., 441 Chandler St., James- 
town, N. Y. 

Weckesser Co., 5713 Northwest Hwy., Chi- 


cago 30, Ill. 

Wedler Bros., Inc., 1535 E 38th St., Cleve- 
land 14, N. Y. 

Weirton Steel Co., Weirton, W. Va. 
(Ad p 68) 


Weiskittel, Harry C. Co., Inc., 4901 Pulaski 
Hwy., Baltimore 24, Md. 

Welding Apparatus Co., 2750 W Van Buren 
St., Chicago 12, Ill. 

Wellman Bronze & Aluminum Co., 
Shaker Bivd., Cleveland 20, Ohio 

Wellman, S. K. Co., 200 Egbert Rd., Bed- 
ford, Ohio 

Wellman Engineering Co., 7004 Central Ave., 
Cleveland 4, Ohio 

Wells Aluminum Corp., North Liberty, Ind. 

Wells, A. H. & Co., Inc., 100 E Aurora St., 
Waterbury, Conn. 

Wells Specialty Co., Inc., Wells Aluminum 
Products Div., 151 Wells St., North Lib- 
erty, Ind. 

Werner, R. D. Co., Inc., 295 Sth Ave., 
New York 16, N. Y¥. (Ad p 358) 
Werner Foundry & Machine Co., 8th St. & 

Reading R. R., Lansdale, Pa. 

Wesbar Stamping Corp., West Bend, Wis. 

Wesco Spring Co., 2266 S Archer St., 
Chicago 16, Ill. 

West Haven Foundry Co., 27 Kimberly Ave., 
West Haven 16, Conn. 

West Irving Die Casting Co., 24 S Evergreen 
St., Bensenville, Ill. 

West Lake Plastics Co., 145 W Lenni Rd., 
Lenni Mills, Pa. 

West Point Mfg. Co., Wellington Sears Co., 
600 Worth St., New York, N. Y. 

West Steel Casting Co., Westalloy Div., 1679 
Collamer Rd., Cleveland 10, Ohio 
West Virginia Malleable Iron Co., 

Pleasant, W. Va. 

Western Automatic Machine Screw Co., 377 
Woodland Ave., Elyria, Ohio 

Western Coating Co., P. 0. Box 598, Royal 
Oak 3, Mich. 

Western Felt Co., 4029-4135 Ogden Ave., 
Chicago 23, Ill. 

Western Foundry & Machine Works, Inc., 
201 Jefferson St., Topeka, Kan. 

Western Gold.& Platinum Co., 525 Harbor 
Bivd., Belmont, Calif. 

Western Iron & Foundry Co., Inc., 702 E 
2nd St., Wichita 2, Kan. 

Western Metal Abrasive Co., Chicago Heights, 
Ill. 

Western Plastits Corp., 1515 W 2nd St., 
Hastings, Neb. 

Western Tool & Die Works, 421 NW 3rd 
Ave., Portland 9, Ore. 

Westinghouse Electric Corp., 101 Liberty 

Ave., Gateway Center, Pittsburgh, Pa. 


12800 


Point 


Benolite Plant, Manor, Pa. (Ad 
p 269) 

Lamp Div., Watsessing Center, Bloom- 
field, N. J. 


Materials Mfg. Dept., Blairsville, 
Pa. (Ad p 348) 
Micarta Div., Trafford, Pa. 
Westlectric Castings, Inc., 2040 S Camfield 
Ave., Los Angeles 22, Calif. 
Westmoreland Malleable Iron Co., Westmore- 
land, N. Y. 
Westmoreland Plastics Co., Inc., 135 Ger- 
trude St., Latrobe, Pa. 
Wheeling Steel Corp., 1134-40 Market St., 
Wheeling, W. Va. 
White Metal Rolling & Stamping Corp., 80 
Moultrie St., Brooklyn 22, N. Y. 
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White Pine Copper Co., 24 Federal St., Bos- 
ton 10, Mass. 

White Sewing Machine Corp., Apex Rein- 
forced Plastics Div., Elm & Washington, 
Cleveland 13, Ohio 

Whitehead Metal Products Co., Inc., 
303 W 10th St., New York 14, 
N. YY. (Ad pp 141, 142) 

Whyte, Oliver Co., Inc., 169 Mystic Ave., 
Medford 55, Mass. 

Whyte Mfg. Co., Inc., 115 4th Ave., New 
York 3, N. Y. 

Wicks Corp., U.S. Graphite Co. Div., 1621 
Holland Ave., Saginaw, Mich. 

Wickwire Bros., Inc., 189 Main St., Cort- 
land, N. Y. 

Wilcox Forging Corp., E Allen St., Mechan- 
Icsburg, Pa. 

Wildberg Bros. Smelting & Refining Co., 
742 Market St., San Francisco 2, Calif. 

Wilde Drop Forge & Tool Co., Inc., 2938 
Fairmount Ave., Kansas City 8, Mo. 

Wilder Mfg. Co., Inc., Route 2, Box 880, 
Carmel, Calif. 

Williamette Iron & Steel Co., 2800 NW 
Front Ave., Portland 10, Ore. 

Williams, A. C., Co., Ravenna, Ohio 

Williams, E. A. & Son, 325 Washington 
Ave., Carlstadt, N. J. 

Williams, F, B., 507 E Pershing Rd., Chi- 
cago 15, Ill. 

= H. E., 106 S Main St., Carthage, 

0. 

Williams, J. H. & Co., 400 Vulcan St., 
Buffalo 7, N. Y. 

Williams Gold Refining Co., Inc., 2978 Main 
St., Buffalo, N. Y. 

Williamson Adhesives, Inc., 8220 Kimball 
Ave., Skokie, Ill. 

Wilmington Fibre Specialty Co., New Castle, 
Del. 

Wlison, H. A. Co., 2665 U.S. Route 
22, Union, N. J. (Ad p 320) 

Wilson-Hurd Mfg. Co., Inc., Lines St., Wau- 
sau, Wis. 

Winston Steel Works, 4600 W Capitol Ave., 
West Sacramento, Calif. : 


Winters Foundry & Machine Co., Inc., 4125 
Mahoning Rd. NE, Canton 5, Ohio 

Winworth Co., Inc., 43 Oak St., Delawanna, 
N. J. 

Wire & Iron Products Inc., 1725 16th St., 
Detroit 16, Mich. 

Wirth, Carl & Son, 1625 Clinton Ave. N, 
Rochester 17, N. Y. 

Wisconsin Aluminum Foundry Co., Inc., 16th 
& Franklin Sts., Manitowoc, Wis. 

Wisconsin Gasket & Mfg. Co., Granville, Wis. 

Witt Cornice Co., 2118 Winchell Ave., Cin- 
cinnati 14, Ohio 

Wittman, Lawrence & Co., 40 Brooklyn Ave., 
Massapequa, N. Y. 

Wollaston Foundry Corp., 24 Holbrook Rd., 
Quincy 71, Mass. 

Wolverine Porcelain Enameling Co., 
Scotten Ave., Detroit 10, Mich. 
Wood, John & Co., 509 Front Ave., St. 

Paul 3, Minn. 

Woodruff & Edwards, Inc., 119 N State St., 
Elgin, Ill. 

Woolf Aircraft Products, Inc., 3441 Filbert 
St., Wayne, Mich. 

Wooster Rubber Co., Jamestown Finishers, 
Inc., Sub., 125 Blackstone Ave., James- 
town, N. Y. 

Worcester Pressed Steel Co., 100 Barber 
Ave., Worcester 6, Mass. 

Worcester Stamped Metal Co., 9 Hunt St., 
Worcester, Mass. 

World Plastex, 1685 Boone Ave., New York 
60, N. Y. 

Worthington Corp., 401 Worthington Ave., 
Harrison, N. J. 

Woth Co., Briggs & Union Sts., Stevens 
Point, Wis. 

Wrought Washer Mfg. Co., 2211 E Bay St., 
Milwaukee 7, Wis. 

Wuest Bros., Inc., 936 W Hill St., Louis- 
ville 8, Ky. 

Wyatt Metal & Boller Works, 6200 Kansas, 
Houston, Tex. 

Wycoff Steel Co., P. 0. Box 1256, Pitts- 
burgh 30, Pa. 
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Wyman-Gordon Co., 105 Madison St., Wor- 
cester 1, Mass. 


x 


X-Pando Corp., 43-15 36th St., Long Island 
City 1, N. Y. 
Xylos Rubber Co., 

Akron, Ohio 


y 


Yale & Towne Mfg. CGo., Powdered 
Metal Products Div., 9335 W Bel- 
mont Ave., Franklin Park, Ill (Ad 
Pp 336) 

Yardley Plastics Co., 
Columbus, Ohio 

York Castings, Inc., 32 Latta Rd., Rochester 
a, & ¥s 

Youngstown Mfg., Inc., 66-76 S Prospect 
St., Youngstown, Ohio 

Youngstown Sheet & Tube Co., Stambaugh 
Bidg., Youngstown 1, Ohle 


1300 Emerling Ave 


142 Parsons Ave. 


Zz 


Z & H Mfg. Co., 31 Welcher Ave., Peekskill, 
N. Y. 

Zellner Corp., Fort Wayne Rd., Defiance, Ohio 

Zellner Foundry Co., 2088 Scranton Rd., 
Cleveland 13, Ohio 

Zenith Foundry Co, 1501 S 83rd St., 
Milwaukee 14, Wis. (Ad p 359) 

Zenith Plastics Co., 1600 W 135th St., 
Gardena, Calif. 

Zenith Plastics Co., 
Cleveland, Ohio 

Zophar Mills Inc., 112-130 26th St., Brook- 
lyn, N.Y. 


3901 Superior Ave., 





